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JROG/ ILDW DQG FUHGLW
Dq Hohphqwdu| Glvfxvvlrq ri Frpprglw|
Prqh|/ Ildw Prqh| dqg Fuhglw
Wkrpdv Txlqw
Ghsduwphqw ri Pdwkhpdwlfv/ Xqlyhuvlw| ri Qhydgd dw Uhqr
dqg
Pduwlq Vkxeln
Frzohv Irxqgdwlrq/ \doh Xqlyhuvlw|
Pdufk 64/ 5337
Devwudfw
Lq wklv sdshu zh suhvhqw d vhulhv ri prghov/ doo zlwklq wkh frqwh{w ri d vlpsoh
wzr0jrrg hfrqrp|/ zklfk eulqj rxw wkh glvwlqfwlrqv ehwzhhq wkh glhuhqw w|shv ri
prqh| dqg qdqfldo lqvwlwxwlrqv1 Wkh prghov hpskdvl}h wkh sk|vlfdo surshuwlhv
ri wkh hfrqrplf jrrgv/ prqh|v/ dqg wudglqj v|vwhpv1 Lq Sduw 4 ri wkh sdshu/
zh fryhuhg prghov lq zklfk wkh prqh| lv d frqvxpdeoh vwrudeoh> khuh lq Sduw 5
zh frqvlghu hfrqrplhv xvlqj gxudeoh prqh|/ dw prqh|/ ru fuhglw1 Xqghu wklv
iudphzrun zh duh deoh wr vxffhvvixoo| frqwudvw wkh uroh ri sulydwh prqh| ohqghuv/
edqnv/ elodwhudo fuhglw v|vwhpv/ dqg fuhglw fohdulqjkrxvhv1 Zh duh dovr deoh wr
prgho wkh lpsruwdqfh ri wkh edqnuxswf| ru ghidxow shqdow| lq vxssruwlqj wkh
xvh ri dw1
Nh|zrugv= Eduoh|/ Jrog/ Ildw dqg fuhglw= Hyroxwlrq ri Prqh|
MHO Fodvvlfdwlrq= F5;/ F:5/F<4/ G85/ G;7/ H74/ H76/ H84/ H8;/ J54/ N45/
O45/ Q53/ S43

Frqwhqwv
4 Iurp d Frqvxpdeoh Vwrudeoh wr Jrog 1 1 1 1 1 1 1 1 1 1 1 1 1
5 Prghov ri Pdunhwv zlwk Jrog 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
514 Wzr Wudghu W|shv wudglqj zlwk Jrog 1 1 1 1 1 1 1 1 1 1
51414 Wkh Wuhdwphqw ri wkh Vhuylfh Ydoxh ri Jrog 1 1
51415 Wkh Olqn iurp Jrog wr d Vwrudeoh Frqvxpdeoh
51416 Wkh Olqn iurp Jrog wr Ildw 1 1 1 1 1 1 1 1 1 1 1
515 Wudgh lq Jrog zlwk d Prqh| Pdunhw 1 1 1 1 1 1 1 1 1 1
51514 Wkh Lqwhugd| Ordq Pdunhw 1 1 1 1 1 1 1 1 1 1 1
51515 Wkh Lqwudgd| Ordq Pdunhw 1 1 1 1 1 1 1 1 1 1 1
51516 Hqrxjk Prqh| 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
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51517 Qrw Hqrxjk Prqh| 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
51518 H{shfwdwlrqv ru Fdq Jrog Kdyh d Vdoydjh Ydoxh lq Wklv JdphB
51519 Rxwvlgh Prqh| zlwk Qr Rxwvlgh DjhqwB 1 1 1 1 1 1 1 1 1 1 1 1 1
Wkh Fhqwudo Edqn Frqwuro Sureohp 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
614 Wudgh zlwk Jrog= Wzr Wudghu W|shv zlwk dq Dowuxlvwlf Fhqwudo Edqn
61414 Frqwuroolqj wkh Prqh| Vxsso| 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
61415 Frqwuroolqj wkh Udwh ri Lqwhuhvw 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
61416 Wkh 433( Edfnhg Fuhglw Vroxwlrq= Iruw Nqr{ ru wkh Edqn ri
DpvwhugdpB 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Prghov ri Pdunhwv zlwk Ildw/ Fohdulqj dqg Fuhglw 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
714 Wzr Wudghu W|shv wudglqj zlwk Ildw 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
71414 Wkh Wuhdwphqw ri wkh Vhuylfh Ydoxh ri Ildw 1 1 1 1 1 1 1 1 1 1 1
71415 Wkh Wuhdwphqw ri wkh Vdoydjh Ydoxh ri Ildw 1 1 1 1 1 1 1 1 1 1 1
715 Wkh Kdkq Sdudgr{ Uhylvlwhg= Pdq| Ihdvleoh Il{hv 1 1 1 1 1 1 1 1 1 1 1
71514 Wkh sdudgr{ dqg d qhfhvvdu| frqglwlrq iru wkh { 1 1 1 1 1 1 1
71515 Wkh Pdq| Vx!flhqw Frqglwlrqv iru d Il{ 1 1 1 1 1 1 1 1 1 1 1 1
716 Wzr Wudghu W|shv wudglqj zlwk Ildw= Wkh Prgho 1 1 1 1 1 1 1 1 1 1 1 1
717 Wzr Wudghu W|shv wudglqj zlwk Ildw= Wkh Prgho zlwk d Fhqwudo Edqn
71714 D Vwudwhjlf Gxpp| Fhqwudo Edqn 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
71715 H{shfwdwlrqv ru wkh Rxwvlgh Sdvvlyh EdqnB 1 1 1 1 1 1 1 1 1 1 1
71716 D Surw Pd{lpl}lqj Prqrsrolvwlf EdqnB 1 1 1 1 1 1 1 1 1 1 1 1
71717 D Gljuhvvlrq rq Edqnuxswf| 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Wudgh zlwk Ildw dqg Ghprqhwl}hg Jrog/ wkh Uroh ri H{shfwdwlrqv 1 1 1 1 1 1
Fohdulqjkrxvhv/ Fuhglw dqg Frqwuro 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
914 Vrph Frpphqwv rq wkh Wudglqj Vwuxfwxuh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
915 Yduldwlrqv rq wkh Ilvkhu Htxdwlrq= ST @ PY 1 1 1 1 1 1 1 1 1 1 1 1 1
916 Fohdulqjkrxvhv/ Ildw/ Fuhglw dqg Fuhglw Hydoxdwlrq 1 1 1 1 1 1 1 1 1 1 1
Frqfoxglqj Uhpdunv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Dsshqgl{ D= Wudgh zlwk Jrog 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
;14 Wzr Wudghu W|shv= Qr Ilqdqfldo Pdunhwv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Dsshqgl{ E= Wudgh zlwk Ildw 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
<14 Wudgh zlwk Qr Edqn exw zlwk d Vdoydjh Ydoxh 1 1 1 1 1 1 1 1 1 1 1 1 1
<15 Wudgh zlwk d Vwudwhjlf Gxpp| Edqn 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
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Iurp d Frqvxpdeoh Vwrudeoh wr Jrog

Lq Sduw 4 rxu edvlf frqfhuq zdv zlwk wkh xvh ri d vwrudeoh frqvxpdeoh dv d phdqv ri
sd|phqw1 Lq wklv sduw zh uhshdw rxu dqdo|vlv lq wkh fdvh zkhuh wkh prqh| lv d gxudeoh
dvvhw zklfk surylghv d vwuhdp ri vhuylfhv1 Wkh surshuwlhv ri wkh gxudeoh wrjhwkhu zlwk
frqvlghudwlrq ri wkh wlplqj ri pdunhwv surylgh d phdqv wr looxvwudwh wkh uhodwlrqvkls
dprqj frqvxpdeoh vwrudeoh/ gxudeoh dqg dw prqlhv14

5

Prghov ri Pdunhwv zlwk Jrog

Jrog/ vloyhu dqg rwkhu phwdov kdyh doo ehhq xwlol}hg dv d gxudeoh prqh|1 Wkh| doo
kdyh wkh surshuw| +zklfk lv uh hfwhg lq wkh pdwkhpdwlfdo irupxodwlrq, wkdw rqh fdq
xvh wkh gxudeoh dv d prqh| lq wudqvdfwlrqv ru fdq xvh lwv vhuylfhv iru frqvxpswlrq ru
surgxfwlrq dqg dw wkh hqg ri wkh shulrg vwloo kdyh wkh dvvhw1

Wudghu 4
Wudghu 5
Prqh|0ohqghu
Fhqwudo edqn

Fdvk rqo|
+d> 3> ^p> p`,
b
+3> d> ^p> p`,
b
qr
qr

Wdeoh 4
prqh| pnw
+d> 3> ^p> p`,
b
+3> d> ^p> p`,
b
b p,`,
+3> 3> ^+P5p,> +P5
b
qr

Fhqwudo Edqn
+d> 3> ^p> p`,
b
+3> d> ^p> p`,
b
qr
b p,`,
+3> 3> ^+P5p,> +P5
b

Wdeoh 4 vkrzv wkh glhuhqw wuhdwphqwv iru wudgh zlwk d gxudeoh prqh|1 Rqfh
djdlq wkh froxpqv uhsuhvhqw wkh prghov zh fryhu/ zkloh wkh urzv uhsuhvhqw w|shv ri
djhqwv1 D fhoo zlwk d qr phdqv wkdw wkh fruuhvsrqglqj w|sh ri djhqw lv qrw suhvhqw
lq wkh fruuhvsrqglqj hfrqrp|1 Rwkhuzlvh/ wkh wulsohv vkrz wkh lqlwldo hqgrzphqwv ri
wkh wzr w|shv ri jrrg dqg wkh gxudeoh prqh|1

514

Wzr Wudghu W|shv wudglqj zlwk Jrog

Zh frqvlghu wzr w|shv ri wudghuv/ wudglqj lq wzr jrrgv/ lq d rqh0shulrg jdph1 Dv
lq Sduw 4/ zh dvvxph wkdw d, wkh wudghuv ri W|sh 4 duh hqgrzhg rqo| zlwk jrrg 4>
4

Zrun rq d wrslf dv eurdg/ edvlf dqg glxvh dv wkh wkhru| ri prqh| frqwdlqv odujh hohphqwv ri
v|qwkhvlv dv zhoo dv dqdo|vlv1 Wkxv lw uduho| li hyhu fdq eh dwwulexwhg wr d vlqjoh lqglylgxdo dv lq d
wkhruhp lq sxuh pdwkhpdwlfv1 Zh fdqqrw gr mxvwlfh wr wkh zrun ri wkh pdq| dxwkruv zkrvh zrun
kdv lq xhqfhg rxu wkrxjkwv1 Krzhyhu wkh dxwkruv kdyh ehhq lq xhqfhg lq sduwlfxodu e| Doodlv ^4`/
Edxpro ^6`/ Ehzoh| ^7`/ Iulhgpdq ^48`/ Judqgprqw ^49`/ Judqgprqw dqg \rxqhv ^4:`/ Jxuoh| dqg
Vkdz ^4;`/ Kdkq ^4<`/ Oxfdv ^57`/ Pdjloo dqg Txlq}l ^58`/ Vdpxhovrq ^5;`/ Wrelq ^75`/ dqg pdq|
rwkhuv/ lq sduwlfxodu pdq| frooderudwlrqv zlwk Gxeh|/ Jhdqdnrsorv dqg Vkdsoh|1
D uhfhqw vwxg| ri uhihuhqflqj lq hfrqrplfv sdshuv lqglfdwhv wkdw doprvw doo ri wkh uhihuhqfhv duh
wr zrunv ri wkh odvw wzr wr wkuhh |hduv1 \hw hfrqrplf wkhru| fdoov iru d surfhvv ri dffuhwlrq1 Zh
fdqqrw vshqg wrr pxfk ri rxu wlph frqvwdqwo| uhihuhqflqj wkh glvwdqw sdvw exw lw ehkrryhv xv wr
uhphpehu wkh edvlf frqwulexwlrqv ri pdq| juhdw plqgv1 Lq prqhwdu| wkhru|/ dv dssurdfkhg khuh rxu
lqwhoohfwxdo ghew wr wkh iroorzlqj klvwrulfdo jxuhv lv frqvlghudeoh1 Wkh| duh= Frxuqrw/ Hgjhzruwk/
Mhyrqv/ Ulfdugr/ Zlfnvhoo/ Eùkp0Edzhun/ Zdoudv/ Ilvkhu/ Klfnv dqg Nh|qhv1

6

e, wkh wudghuv ri W|sh 5 rqo| zlwk jrrg 5> dqg f, wkhuh lv d frqwlqxxp ri hdfk wudghu
w|sh1 D vwudwhj| iru wkh W|sh 4 wudghuv lv ghqrwhg e| +t> e, zkhuh t @ wkh dprxqw
ri jrrg 4 rhuhg iru vdoh dqg e @ wkh dprxqw ri jrog elg iru jrrg 51 Wkh qrwdwlrq
iru wkh W|sh 5 wudghuv lv +
t > e,1 Zh uhplqg wkh uhdghu wkdw wkhvh vwudwhjlhv uhsuhvhqw
djjuhjdwlrqv ryhu wkh frqwlqxxp ri lqglylgxdo wudghuv> iru ghwdlov vhh Vhfwlrq 71514 ri
Sduw 41
Wkh wudghuv ri W|sh 4 kdyh wrwdo hqgrzphqw +d> 3> ^p> p`,/
b
zkloh wkrvh ri W|sh
5 kdyh +3> d> ^p> p`,1
b
Wkh uhdghu zloo qrwlfh wkdw wkhvh hqgrzphqwv duh wkh vdph dv
lq Sduw 4/ h{fhsw wkdw khuh zh glvwlqjxlvk ehwzhhq wkh dvvhw jrog dqg wkh vwuhdp ri
vhuylfhv lw |lhogv1 Wkh dvvhw lv phdvxuhg dv d vwrfn yduldeoh/ phdvxuhg lq vrph
sk|vlfdo xqlwv1 Wkh vhuylfhv/ e| frqwudvw/ duh d  rz yduldeoh/ dqg vr zrxog eh
phdvxuhg lq xqlwv shu xqlw ri wlph1 Wr glvwlqjxlvk wkh wzr w|shv ri yduldeohv/ zh xvh
wkh grw qrwdwlrq/ vr p ghqrwhv wkh lqlwldo hqgrzphqw ri wkh dvvhw jrog/ zkloh p
b
ghqrwhv wkh lqlwldo hqgrzphqw ri wkh jrog*v vhuylfhv1 Wkh grw qrwdwlrq lv dovr xvhg
iru rwkhu yduldeohv> khqfh/ iru h{dpsoh eb uhsuhvhqwv wkh dprxqw ri jrog vhuylfhv wkh
W|sh 4 wudghuv elg lq dq hruw wr rewdlq jrrg 515
Zh qrwh wkdw wkh dvvhw dqg wkh vhuylfh duh exqgohg wrjhwkhu/ dqg xqohvv zh lq0
wurgxfh d uhqwdo pdunhw wkh| duh vrog wrjhwkhu1 Lq wklv sdshu zh gr qrw kdyh vxfk d
b t @ t/
b e @ e/
b
b t @ t/
uhqwdo pdunhw> khqfh lq zkdw iroorzv/ qhfhvvdulo| dozd|v e @ e/
6
dqg p @ p1
b
Ilqdoo|/ zh dvvxph wkdw erwk wudghu w|shv kdyh wkh vdph xwlolw| ixqfwlrq *+{> |,.
}/
b zkhuh * lv dq lqfuhdvlqj frqfdyh ixqfwlrq/ { dqg | uhsuhvhqw wkh dprxqwv ri jrrg
4 dqg jrrg 5 frqvxphg/ dqg }b vwdqgv iru wkh frqvxpswlrq vhuylfhv ri +} xqlwv ri,
wkh dvvhw1 Wkhuh lv dovr wkh srvvlelolw| wkdw wkh wudghuv zloo dvvljq d vdoydjh ydoxh wr
dq| ohiwryhu dvvhw dw wkh hqg ri wkh jdph> zh prgho wklv dv zhoo ehorz1
51414

Wkh Wuhdwphqw ri wkh Vhuylfh Ydoxh ri Jrog

Lq wklv prgho wkhuh duh wkuhh dvshfwv ri jrog wr zklfk ydoxh lv dwwdfkhg1 Wkh| duh lwv
ydoxh dv dq ruqdphqw/ lwv ydoxh lq wudqvdfwlrqv dqg lwv uhvlgxdo ydoxh dv dq dvvhw zlwk
d srvvleoh vdoydjh ydoxh dw wkh hqg ri wkh jdph ^68`1 Khqfh/ lq rughu wr ixoo| ghqh
wkh rswlpl}dwlrq ryhu wkh shulrg zh pxvw lqglfdwh zkr jhwv wr xvh wkh vhuylfhv ri wkh
dvvhw/ zkhq wudqvdfwlrqv duh pdgh/ dqg krz wkh dvvhw lv hydoxdwhg dw wkh hqg1
Wudghuv ri W|sh 4 dwwhpsw wr pd{lpl}h=




e
b
. n2 p
b . +n  n2 ,+p
b  e,
pd{ * d  t>
Kc^
s
. +4  n ,+p
b  eb . st,
b . +p . st  e,
v1w1 p  e  3
+,
p . st  e  3
+,
5

+4,
+5,

Lw vkrxog eh qrwhg wkdw wkhuh duh vwudwhjlf rshudwlrqdo glhuhqfhv dprqj ex|lqj dq dvvhw dqg
xwlol}lqj lwv vhuylfhv wkhq vhoolqj lw lq d ex|0edfn ru lq wkh pdunhw dqg uhqwlqj wkh dvvhw wr xvh lwv
vhuylfhv1
6
Pruh suhflvho|/ zh fdq vhohfw xqlwv
U vxfk wkdw rqh xqlw ri wkh dvvhw jrog |lhogv rqh xqlw ri jrog
vhuylfhv lq rqh xqlw ri wlph/ l1h1/ 6 ' |'f 6_|1


7

e  3> 3  t  d
Khuh n2 lv wkh sursruwlrq ri wkh wlph shulrg wkdw sdvvhv ehiruh wkh jrrgv pdunhw
rshqv> n  n2 lv wkh sursruwlrq ri wkh shulrg wdnhq xs e| wkh pdunhw/ zkhq wkh
frqvxpswlrq xvh ri wkh jrog xvhg lq wudqvdfwlrqv lv orvw> dqg 4  n lv wkh sursruwlrq
ri wkh shulrg diwhu wkh pdunhw/ zkhq wkh frqvxpswlrq xvh ri jrog lv hqmr|hg e| wkh
qdo rzqhu ri wkh dvvhw +n zloo eh ghqhg odwhu,1 Wkh sdudphwhu  lv wkh vdoydjh
ydoxh iru wkh jrog dw wkh hqg ri wkh jdph1
Zh qrwh wkdw lq h{suhvvlrq +4, wkdw wkh wzr dujxphqwv iru * duh txdqwlwlhv ri srlqw
frqvxpswlrq shulvkdeohv> khqfh wkhuh lv qr qhhg wr glvwlqjxlvk ehwzhhq wkhlu vwrfn
dqg rz1 Krzhyhu/ wkh glvwlqfwlrq pxvw eh pdgh iru wkh vhuylfhv ri
wkh jrog1 Wkh
U 2
b +pruh suhflvho| |&'f
pgw,
b
vwdqgv
qxpehuv n| kdyh wkh glphqvlrq ri wlph/ wkxv n2 p
iru wkh frqvxpswlrq vhuylfhv ri jrog uhqghuhg ryhu wkh lqwhuydo ^3> n2 `1 Wkh dprxqw
st lv wkh dprxqw ri jrog hduqhg dv lqfrph iurp wkh vdoh ri jrrg 4/ fuhglwhg dw wlph
n 1 Wkh dprxqw stb lqglfdwhv wkh vhuylfh vwuhdp dydlodeoh iurp wklv jrog1
Lq idfw wkh wudqvdfwlrqv frvwv lqyroyhg lq jrlqj iurp jrog frlq wr mhzhou| dqg
ylfh0yhuvd duh kljk dqg wdnh wlph1 Vrphzkdw idqflixoo| zh frxog lpdjlqh zhdulqj
wkh frlqv dv mhzhou| dwwdfkhg wr d eudfhohw dqg wdnlqj wkhp r wr pdnh sd|phqwv1
Suredeo| pruh uhdolvwlfdoo|/ n2 @ 3 dqg n @ 4 fryhuv wkh vlwxdwlrq zkhuh/ li jrog lv
xvhg iru prqh| lw kdv rqo| wudqvdfwlrqv xvh lq wkdw shulrg1
Wkh ydoxhv n2 @ 3 dqg n  3 prgho wkh vlwxdwlrq zkhuh wkh pdunhw phhwv iru
vrph eulhi wlph  dw wkh yhu| vwduw ri wkh shulrg/ doo gholyhulhv duh pdgh rq wkh
vsrw dqg doo qdo uhflslhqwv rewdlq wkh xvh ri doo ri wkh jrrgv lqfoxglqj wkh jrog iru
hvvhqwldoo| wkh zkroh ri wkh shulrg1
Iljxuh 4 vkrzv wkh jhqhudo fdvh dqg wkh wzr vshfldo fdvhv mxvw qrwhg1 Wkhvh wzr
h{wuhph sdudphwhu vhwwlqjv hqdeoh xv wr vwduw wr eulgjh wkh jxoi ehwzhhq d vwrudeoh
frqvxpswlrq jrrg prqh| dqg d dw prqh|> vhh Vhfwlrqv 51415 dqg 51416 ehorz1
Zh zloo dovr frqvlghu wkh fdvh n2 @ n @ 417

Transaction loss
0

k2

k3

"Instant" market
∆→0

Transaction loss
1 0

1 0

k2

k3

k2 k3

1

Iljxuh 4
Ilqdoo|/ zh qrwh wkdw lq wkh rswlpl}dwlrq deryh/ wkh odvw frqvwudlqw +5, lv luuhohydqw
ehfdxvh lw lv vdwlvhg zkhqhyhu +4, lv1 Wkxv rqh pd| ljqruh lw zkhq grlqj wkh
pdwkhpdwlfdo dqdo|vlv1 Krzhyhu/ zh ohdyh lw lq wkh prgho vlpso| ehfdxvh lw lv wkh
7
Lw pxvw eh qrwhg wkdw wkh glylvlrq ri wkh gd| lqwr wkh suh0pdunhw/ pdunhw dqg srvw0pdunhw
vhjphqwv zlwk wkh frqvxpswlrq dqg wudqvdfwlrqv xvhv ri jrog glhuhqwldwhg lv doprvw d sdurg| ri
sk|vlfdo uhdolw| lq wkh vhqvh wkdw wkh frqvlghudeoh frvwv dqg wlph ghod|v lq plqwlqj dqg wkh pdqx0
idfwxuh ri mhzhou| duh ohiw rxw1 Krzhyhu wkh h{solflw lqwurgxfwlrq ri pdunhw phfkdqlvpv lv fulwlfdo
wr xqghuvwdqglqj wkh uhodwlrqvkls dprqj frqvxpswlrq ydoxh/ wudqvdfwlrq ydoxh dqg dvvhw glvsrvdo
ydoxh1 Iru wklv uhdvrq zh frqfhqwudwh rq surylglqj dq h{solflw zhoo0ghqhg phfkdqlvp wr surgxfh d
sod|deoh jdph dqg jhw wkh orjlf vwudljkw1 Jhqhudol}dwlrq wr odujh fodvvhv ri phfkdqlvp pxvw frph
odwhu1

8

exgjhw frqvwudlqw/ dqg odwhu yduldqwv ri wkh jdph zloo kdyh exgjhw frqvwudlqwv
zklfk duh qrw uhgxqgdqw
Wkh wudghuv ri W|sh 5 idfh d vlplodu rswlpl}dwlrq surjudp/ qdpho|
#

$

e
b
> d  t . n2 p
b . +n  n2 ,+p
  e,
pd{ *
7Kc^7
s
b  e . s t, . +p . s t  e,
.+4  n ,+p

v1w1 p  e  +3,
p . s
t  e  3
3  t  d dqg e  3

+6,
+7,
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+
,

+8,

Ilqdoo|/ dv lq Sduw 4/ sulfh lv iruphg e|=
s@

e
e
dqg s @ =
s
t

+9,

Djdlq/ zh uhplqg wkh uhdghu wkdw wkh txdqwlwlhv e> t> e> dqg t +dv zhoo dv wkh
yduldeohv g dqg g ghqhg odwhu rq, duh doo ghqlwh lqwhjudov wdnhq ryhu wkh frqwlqxxp
ri wudghuv ri W|sh 4 ru 5> wkh txdqwlwlhv s dqg s duh mxvw txrwlhqwv ri wkhvh ydoxhv1
s
Zh vroyh wkh rswlpl}dwlrq iru wkh fdvh zlwk  @ 3/ *+{> |, @ 5 {| dqg jhqhudo
ydoxhv iru n2 dqg n 1 Wkh ixoo vroxwlrq lv jlyhq lq Dsshqgl{ D1 D vhqvlwlylw| dqdo|vlv
edvhg rq wklv vroxwlrq lv jlyhq ehorz lq Wdeoh 51
Wkh frqglwlrq ri hqrxjk prqh| phdqv wkdw p lv kljk hqrxjk vr wkdw wkh fdvk
 duh qrqelqglqj1 Hfrqrplfdoo|/ lw phdqv wkdw wkh yroxph
rz frqvwudlqwv +, dqg +,
ri wkh prqh| vxsso| dw htxloleulxp lv vx!flhqw wr fryhu wkh yroxph ri frpshwlwlyh
wudgh1 Lq wklv lqvwdqfh/ wkh frqglwlrq wxuqv rxw wr eh
s
d 4n
s
=
+:,
p
+5  n2  n , 4  n2
Lq wkh fdvh zkhuh +:, krogv/ sulfh lv jlyhq e| s @ s @

t


E3&2 E3& 

dqg wkh sk|v0

I

lfdo dprxqw ri wudgh e| t @ t @ 2E33&2&3&@ 1 Wkh elgv duh e @ e @ st @ E23&@3&3&I3& 1
2
2
Frpsdulqj wkhvh uhvxowv zlwk wkrvh iurp wkh vwrudeoh frqvxpdeoh prqh| fdvh +Sduw
4,/ zh qg wkdw wkh sulfhv ri wkh jrrgv kdyh jrqh xs wr uh hfw wkh ohvvhqlqj ri wkh
frqvxpswlrq xwlolw| ri jrog1 Vrphzkdw vxusulvlqjo|/ wkh phhwlqj wlph ri wkh pdunhw
pdnhv d glhuhqfh/ hyhq li wkhuh lv qr wudqvdfwlrqv orvv lq wkh pdunhw1
Zkhq n2 @ n @ 3> wkhq s @ 4 dqg wkh frqvxpswlrq vhuylfhv ri d xqlw ri jrog elg
duh frpsohwho| orvw iru wkh ohqghu li lw lv xvhg lq wudqvdfwlrqv1 Wkh dprxqw ri prqh|
qhhghg wr qdqfh wudgh lv d@51
Zkhq n2 @ n  4 sulfh ehfrphv lqqlwh dqg dq lqqlwh dprxqw ri jrog lv fdoohg
iru ehfdxvh dv wkh ohqghu jlyhv xs doprvw qr vhuylfh ydoxh wr wkh eruurzhu zkr lqwhqgv
wr xvh lw iru wudqvdfwlrqv/ lw zloo kdyh olwwoh ydoxh lq frqvxpswlrq wr wkh qdo uhflslhqw1
Dw wkh hqg ri wkh jdph dv wkhuh lv qr vdoydjh ydoxh iru wkh dvvhw/ wkh pruh lwv vhuylfh
ydoxh wr wkh qdo uhflslhqw dssurdfkhv }hur/ wkh pruh lw vwduwv wr orrn olnh dw1
9

Zkhq n2 9@ n wkhuh lv d orvv ri xwlolw| lq wudgh1 Khqfh wkh dfw ri xvlqj d gxudeoh
lv dq lpsolflw wd{ ru udwh ri lqwhuhvw gudlq rq wudgh> wkxv h!flhqw h{fkdqjh lv qrw
dfklhyhg hyhq wkrxjk wkhuh lv hqrxjk prqh| wr dyrlg d wudglqj frqvwudlqw1
Zkhq wkhuh lv qrw hqrxjk prqh| +l1h1/ +:, grhvq*w krog,/ zh qg wkdw sulfhv/
elgv/ dqg wudgh doo ghfuhdvh/ mxvw dv lq wkh prghov ri Sduw 41
D vhqvlwlylw| dqdo|vlv
Zh frqvlghu n2 @ 4@5/ n @ 6@71 Wkhvh ydoxhv jlyh vhuylfh orvvhv iru 4@7 ri wkh
shulrg zkhq wkh pdunhw phhwv dw plg0gd|1 Mxvw dv lq Sduw 4/ zh h{dplqh wkh prgho
dv p udqjhv iurp 4 grzq wr 3=
Wdeoh 5
Wudglqj zlwk d wudqvdfwlrqv orvv ri vhuylfhv
p
s
t
e

s
eI@
p A eI@2
5 5
d@6
3
2
s
eI@
eI@
p@ 2
5 5
d@6
3
2
p@

2@
D

p$3

5

@

D

2@
D


2

$3

$3

$3

$4

s
Fdvh 4= p A 7d@6 51 Zkhq wkhuh lv pruh wkdq hqrxjk prqh|/ wkh vkdgrz sulfh
ri wkh wudqvdfwlrqv ydoxh ri prqh| uhpdlqv dw  @ 31 Krzhyhu/ h!flhqw wudgh ri wkh
shulvkdeohv lv qrw dfklhyhg +l1h1/ hdfk w|sh ri wudghu frqvxphv 5d@6 ri khu jrrg dqg
d@6 ri wkh rwkhu,1 Wklv lv gxh wr wkh orvv ri 4@7 ri d shulrg ri wkh vhuylfhv ri jrog
xvhg iru wudqvdfwlrqv1 Qrwh wkdw wkh sulfh ohyho lv frqvlghudeo| kljkhu wkdq lq wkh
vwrudeoh frqvxpdeoh prqh| fdvh1 Vxusoxv jrog +deryh wudqvdfwlrqv qhhgv, lv nhsw iru
wkh ixoo frqvxpswlrq ri lwv vhuylfhv1
s
Fdvh 5= p @ 7d@6 5= Zkhq wkhuh lv suhflvho| hqrxjk prqh| iru wudqvdfwlrqv/
dqg lw lv glvwulexwhg lq d pdqqhu wkdw hyhu| lqglylgxdo grhv qrw hqfrxqwhu khu fdvk
frqvwudlqwv/ wkh vkdgrz sulfh ri wkh wudqvdfwlrqv ydoxh ri prqh| lv  @ 3=
s
Fdvh 6= 3 ? p ? 7d@6 5/ iru h{dpsoh p @ 5d@81 Zkhq wkhuh lv qrw hqrxjk
prqh|/ wkh vkdgrz sulfh ri wkh wudqvdfwlrqv ydoxh ri prqh| lv srvlwlyh dv lv uh0
hfwhg e|  @ 4@51 H!flhqw wudgh ri shulvkdeohv lv qrw dfklhyhg iru wzr uhdvrqv/ wkh
wudqvdfwlrqv orvv ri jrog dqg wkh frqvwudlqw
s rq wudgh1 Wkh sulfh ohyho lv ghfuhdvlqj
prqrwrqlfdoo| dv p ghfuhdvhv iurp 7d@6 5 wr 31
Fdvh 7= p $ 31 Zkhq wkhuh lv olwwoh ru qr prqh| lq wkh hfrqrp| wkhuh lv qh{w wr
qr wudgh1 Lq uhdolw|/ li wklv kdsshqhg/ rwkhu phdqv ri sd|phqw zrxog eh xvhg dqg
rwkhu dyhqxhv ri wudgh zrxog vsulqj xs1 Wkh vrflhwdo wuxvw vxevwlwxwhv zrxog eh
vxevwlwxwhg e| orfdo wuxvw vxevwlwxwhv li wkh| ehfdph wrr h{shqvlyh1

:

51415

Wkh Olqn iurp Jrog wr d Vwrudeoh Frqvxpdeoh

Zh revhuyh wkdw zlwk wkh vshfldo fdvh ri wkh ydoxhv n2 @ 3 dqg n @ 3/ zh rewdlq
wkh vdph uhvxowv dv lq wkh Sduw 4 iru wkh vwrudeoh frqvxpdeoh1 Khuh zh kdyh wkh
lpsodxvleoh sursrvlwlrq wkdw wkh wlph wdnhq wr rshudwh d pdunhw lv vr vpdoo wkdw dv d
uhdvrqdeoh dssur{lpdwlrq lw fdq eh ljqruhg1 Lq wklv lqvwdqfh wkh vwulfw frqvxpswlrq
|lhog ri d fdq ri ehdqv ru xqlw ri jrog duh wkh vdph1 Zlwk d wlphohvv pdunhw dw wkh
vwduw ri wkh shulrg/ erwk wkh frqvxpswlrq ri wkh ehdqv dqg wkh ixoo vhuylfhv ri wkh
jrog ehorqj wr wkh xowlpdwh rzqhu1 +Zlwk dw wkhuh lv rqo| wudqvdfwlrqv ydoxh1,
Lq wklv rqh shulrg jdph zlwk n2 @ 3 dqg n @ 3/ wkh pdunhwv duh dfwlyh uhjdugohvv
ri wkh ydoxdwlrq dwwdfkhg wr wkh vdoydjh ydoxh ri jrog ru ehdqv fduulhg ryhu yroxqwdulo|
ru lqyroxqwdulo| wr wkh qh{w shulrg18
51416

Wkh Olqn iurp Jrog wr Ildw

Zkhq zh frqvlghu n2 @ 3 dqg n  4 zh rewdlq dq lqwhuhvwlqj exw qrw ixoo wudqvlwlrq
}rqh wrzdugv dw19 Wkhuh zloo eh d vshflf dprxqw ri jrog zklfk zloo eh hqrxjk wr
vdwlvi| rswlpdo wudgh dqg kdyh qrqh xwlol}hg dv mhzhou|1 Rqfh pruh zh dvvxph wkdw
wkh vdoydjh sulfh iru wkh dvvhw lv }hur Dowkrxjk wkh frqvxpswlrq vhuylfhv ri wkh jrog
xvhg lq wudqvdfwlrqv duh orvw/ wkhuh lv vwloo xwlolwduldq ydoxh wr eh rewdlqhg iurp wkh
vhuylfhv ri jrog qrw xvhg lq wudqvdfwlrqv1: Wklv vxssruwv wkh ydoxh ri wkh jrog dv d
vrxufh ri frqvxpswlrq vhuylfhv/ exw vhwwlqj n @ 4 zkhq  @ 3 ghvwur|v wkh xvh ri
jrog lq erwk wkh jrrgv pdunhw dqg wkh prqh| pdunhw1 Wkh Kdkq sdudgr{ +vhh Vhfwlrq
71514, krogv1 Qr ohqghu ru vhoohu lv prwlydwhg wr vxsso| dq| lwhp wr wkh pdunhwv dv
vkh zloo eh sdlg lq zruwkohvv jrog diwhu lw kdv h{kdxvwhg lwv vwuhdp ri vhuylfhv/ ohdylqj
rqo| d ydoxhohvv dvvhw1 Wkh rqo| glhuhqfh ehwzhhq wkh jrog dqg wkh dw lv wkdw doo
rzqhuv ri jrog fdq ghulyh +frpsohwho| qrq0vwudwhjlfdoo|, wkh frqvxpswlrq ydoxh ri wkh
jrog> exw/ lq jhqhudo/ wkhuh lv qr frqvxpswlrq ydoxh dwwdfkhg wr dw1; Erwk iru jrog
zlwk wkh pdunhwv dw wkh hqg ri shulrg dqg iru dw wkhlu ydoxh dv d prqh| uhtxluhv dv
d qhfhvvdu| frqglwlrq wkdw d vdoydjh xwlolwduldq ydoxh ri vrph vruw eh dwwdfkhg wr wkh
vxuylylqj dvvhw1 Zh uhwxuq wr d glvfxvvlrq ri dw lq Vhfwlrq 71
Wkh lpsruwdqw fdvh glvwlqfwlrq ehwzhhq n2 @ 3 dqg n @ 3> yv1 n2 @ 3 dqg n @ 4
lv vhhq lq wkh lqfhqwlyhv wr vhoo1 Zkhq n @ 3/ wkh lqfrph iurp jrrgv vrog lv sdlg lq
jrog dw wkh vwduw ri wkh shulrg dqg zloo |lhog doprvw ixoo vhuylfh iru wkh shulrg1 Zkhq
n @ 4/ wkh lqfrph iurp jrrgv vrog iru jrog |lhogv qrwklqj1
8

Qrwh wkdw wkhuh lv qhyhuwkhohvv dq lpsruwdqw vwudwhjlf glhuhqfh ehwzhhq wkh vwrudeoh frqvxpdeoh
dqg wkh gxudeoh1 Wkh fkrlfh wr qrw fduu| wkh dvvhw ryhu wr wkh qh{w shulrg lv dydlodeoh iru wkh uvw
exw qrw wkh vhfrqg1
9
Wr irupdoo| pdnh dw prqh| d vshflf fdvh ri wkh prgho/ zh zrxog uvw qhhg wr ghqh d sdudphwhu
k dv wkh shu0xqlw0wlph vhuylfh xwlolw| ri wkh prqhwdu| dvvhw1 Zh wkhq zrxog prgli| wkh remhfwlyh
ixqfwlrqv iru wkh wudghuv e| pxowlso|lqj wkh vhfrqg/ wklug/ dqg irxuwk whupv e| k1 Wkh fdvh ri wkh
frqvxpdeoh vwrudeoh prqh| zrxog wkhq eh zkhuh &2 ' f/ & ' f/ dqg k ' +qrupdol}hg,1 Wkh dw
fdvh zrxog eh zkhuh &2 ' f/ & ' / dqg k ' f1
:
Lq wklv lqvwdqfh wklv lv phuho| d frqvwdqw ri qr vwudwhjlf vljqlfdqfh1 Lw lv frpsohwho| dxwdufklf1
Lq wkh rqh shulrg jdph lwv |lhog lv rqo| wr wkh rzqhu dv wkh orvv ri vhuylfhv lq wkh wudglqj shulrg
htxdo lwv vhuylfh ydoxh1
;
Dowkrxjk d vfulswrskloh pljkw ghedwh wklv frqyhqwlrqdo ylhz1

;
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Wudgh lq Jrog zlwk d Prqh| Pdunhw

Vxssrvh wkh w|shv kdyh qrqv|pphwulf hqgrzphqwv ri +d> 3> p , dqg +3> d> p2 , zkhuh
p A p2 1 Dv lq Sduw 4/ zh lqwurgxfh d prqh| pdunhw1
D vwudwhj| iru wkh wudghuv ri W|sh 4 lv ghqrwhg e| +j> t> e,> zkhuh j @ wkh dprxqw
ri prqh| rhuhg lq wkh prqh| pdunhw/ t @ wkh dprxqw ri jrrg 4 rhuhg iru vdoh dqg
e @ wkh dprxqw ri prqh| elg iru jrrg 51 Wkh qrwdwlrq iru wkh W|sh 5 wudghuv lv
 t> e, zkhuh g lv wkh dprxqw ri shuvrqdo LRX qrwhv elg iru wkh jrog rhuhg1 Iurp
+g>
frqvlghudwlrqv ri d glphqvlrqdo dqdo|vlv lw pxvw eh frqvlghuhg dv d qhz vhsdudwh
qdqfldo lqvwuxphqw/ wkh shuvrqdo LRX qrwh zklfk lv prqhwl}hg e| h{fkdqjlqj lw iru
prqh|1 Wklv lv frqvlvwhqw zlwk wkh revhuydwlrq lq edqnlqj sudfwlfh wkdw d ordq wr dq
lqglylgxdo fdq eh lqwhusuhwhg dv prqhwl}lqj khu shuvrqdo fuhglw1
51514

Wkh Lqwhugd| Ordq Pdunhw

Ehiruh zh duh lq d srvlwlrq wr zulwh grzq wkh sd|r ixqfwlrq zh pxvw ghflgh xsrq
zkhwkhu wkh ixqfwlrqlqj ri wkh qdqfldo pdunhw iru ordqv wdnhv xs dq| wlph dqg2ru
rwkhu uhvrxufhv1 Zh dvvxph +vrphzkdw frxqwhuidfwxdoo| dqg djdlqvw edqnhuv krxuv,
wkdw wkh qdqflqj wdnhv sodfh lq d yhu| idvw dqg wlph h!flhqw pdunhw dw wkh vwduw
ri wkh gd|1 Wkxv zh euhdn wkh vlqjoh shulrg xs lqwr irxu sduwv zlwk wzr pdunhwv/ d
qdqfldo pdunhw dqg d jrrgv pdunhw1 Ohw wkh ohqjwk ri wlph iru wkh qdqfldo pdunhw
eh n @ > zkhuh  lv vpdoo dv lv vkrzq lq Iljxuh 51
∆→0
Money
market

0

k1

Goods
market
k2

1

k3

Iljxuh 51 D prqh| pdunhw dqg d jrrgv pdunhw
Wkh pd{lpl}dwlrq iru wkh ohqghuv lv


e
. n +p
b   j,
b
pd{ * d  t>
^cKc}
s
b
. +n2  n ,+p
b   j,
b . +n  n2 ,+p
b   jb  e,
b   jb  eb . st,
b
. +4  n ,+p
v1w1 p  j  e  3>
+p . j  e . st,  3
3  t  d> dqg e> j  3
dqg iru wkh eruurzhuv lw lv

#

+,
+,

+;,

+<,
+43,

$

e
b2
> d  t . n p
pd{ *
7Kc ^7c_7
s
3

4

gb D
. +n2  n , Cp
b2.
4.
<

+44,

3

4

gb
. +n  n2 , Cp
b2.
 eb D
4.
3

4

gb
. +4  n , Cp
b2.
. stb  eb D
4.
g
 3>
4.
+p  g  e . s t,  3
3  t  d> dqg e> g  3=

v1w1 p2  e .


+,

+45,

+
,

+46,
+47,

Sulfh irupdwlrq lv dv ehiruh
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Wkh hqgrjhqrxv udwh ri lqwhuhvw lv iruphg dv iroorzv=
U k
g
g
4 .  @ Uk k @ =
kj

j

+49,

Uhphpehu zh duh frqvlghulqj doo lqglylgxdov dv ehlqj sduw ri d frqwlqxxp> wkxv
d pruh surshu qrwdwlrq iru wkh irupdwlrq ri wkh lqwhuhvw udwh lv dv lqglfdwhg1< Wkh
odfn ri d grw rq wrs ri wkh yduldeohv lq wkh lqwhuhvw htxdwlrqv lv wr uhplqg xv wkdw
wkh lqwhuhvw udwh lv iruphg e| dq dvvhw +jrog, dqg e| dq LRX qrwh ghqrplqdwhg lq
wklv dvvhw/ dqg vlploduo| wkh sulfh lv iruphg e| dvvhwv143 Dovr lpsolflw lv wkh suhvhqfh
ri d edqnuxswf| shqdow| +ghqrplqdwhg lq glvxwlolw| ru sxqlvkphqw shu xqlw ri jrog
ghidxowhg, wkdw lv vx!flhqwo| vwhhs wkdw vwudwhjlf edqnuxswf| lv qrw zruwkzkloh1
Ylhzlqj wkh odvw whup ri wkh remhfwlyh ixqfwlrq iru wkh ohqghuv d prgholqj sureohp
pxvw eh idfhg1 Gr wkh eruurzhuv sd| wkh ohqghuv edfn lpphgldwho| dw wlph n ru lv
wkhlu eruurzlqj dq lqwhugd| ordqB Li lw lv dq lqwhugd| ordq lw zloo eh sdlg edfn
wrpruurz pruqlqj> exw wklv dssduhqwo| plqru glvwlqfwlrq phdqv wkdw wkh ohqghu
rewdlqv qr vhuylfhv iurp wkh jrog vkh ohqw wklv shulrg1 Wkxv wkh odvw whup lq wkh
remhfwlyh ixqfwlrq grhv qrw frqwdlq wkh whup +4 . ,j/
b dqg wklv lpsolhv wkdw wkhuh
lv qhyhu dq lqfhqwlyh iru wkh ohqghu wr ohqg1 Khqfh j @ 3 dqg wkh prqh| pdunhw lv
lqdfwlyh1
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Wkh Lqwudgd| Ordq Pdunhw

Li wkh ordq frqvlghuhg deryh zhuh dq lqwudgd| ordq zklfk kdg wr eh sdlg edfn lpph0
gldwho| diwhu wkh jrrgv pdunhw whuplqdwhg dw wlph n ? 4/ wkhq wkh ohqghuv* sureohp
<

Lq wkh ydoxdwlrq ri wkh vhuylfhv ri jrog wkh xvh ri wkh wlph glylvlrqv & dqg &2 dsshdu wr eh
d glvwlqfwlrq zlwkrxw dq rshudwlrqdo glhuhqfh iru wkh ohqghuv> exw qrw iru wkh eruurzhuv1 Wklv lv
wkh }rqh iru odz|huv/ eurnhuv dqg dffrxqwdqwv1 Wkh ohqghu lv jlylqj xs wkh xvh ri wkh jrog/ exw wkh
eruurzhu kdv qrw |hw rewdlqhg lwv xvh1
43
Wkxv wkh udwh ri lqwhuhvw lv d glphqvlrqohvv qxpehu1

43

zrxog kdyh wkh irup=
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Qrz lw lv srvvleoh wkdw wkh lqwudgd| prqh| pdunhw zrxog jr dfwlyh/ dv vrph uhvlgxdo
vhuylfhv pd| uhpdlq lq wklv shulrg diwhu wlph n =
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Hqrxjk Prqh|

Dv rxu sxusrvh lv wr looxvwudwh wkh edvlf txdolwdwlyh qxdqfhv ri wkhvh pdq| vwuxfwxuhv/
zh duh deoh wr revhuyh lpphgldwho| +zlwkrxw fdofxodwlrq, wkh ohyho ri hqrxjk prqh|
lq wkh prqh| pdunhw1
Lq sduw 4/ zh irxqg wkdw zkhq wkhuh lv hqrxjk ri d vwrudeoh frqvxpdeoh prqh| rqh
fdq ohqg lw dw dq hqgrjhqrxv lqwhuhvw udwh ri  @ 3 lq wkh pruqlqj/ kdyh lw xvhg lq wkh
pdunhw dw qrrq/ eh uhsdlg lq wkh diwhuqrrq dqg frqvxph rqh*v vwrfn lq wkh hyhqlqj1
Zh dvvxphg wkh prqh| hqwhuhg wkh xwlolw| ixqfwlrq dv d olqhduo| vhsdudeoh whup1 Lw
zdv hdv| wr vhh wkdw hqrxjk lv jlyhq e| dq dprxqw zklfk suhflvho| htxdov wkh ydoxh
ri wkh yroxph ri wudgh1 Lq sduwlfxodu/ zh frqvlghuhg dq h{dpsoh zlwk xwlolw| ixqfwlrqv
s
x @ 5 {| . }/ dqg hqrxjk prqh| wxuqhg rxw wr eh wkh frqglwlrq p . p2  d1
Zkhq zh vzlwfk wr d gxudeoh prqh|/ wkh dqdo|vlv fkdqjhv1 Zkloh d xqlw ri vwrudeoh
frqvxpdeoh prqh| zloo |lhog erwk wudqvdfwlrq ydoxh dqg ixoo frqvxpswlrq ydoxh zkhq
lw lv frqvxphg/ d xqlw ri gxudeoh prqh| xvhg iru wudqvdfwlrqv pljkw orvh vrph iudfwlrq
ri lwv frqvxpswlrq ydoxh1 Rq wkh rwkhu kdqg/ dw wkh hqg ri wkh shulrg wkh gxudeoh
prqh| zloo uhpdlq dq dvvhw/ zklfk pd| kdyh vrph vdoydjh ydoxh1
s
Djdlq frqvlghu dq h{dpsoh zlwk x @ 5 {| . }/ exw wklv wlph zlwk d gxudeoh
prqh| kdylqj d vdoydjh ydoxh ri  @ I
31 Wkhq/ lqvwhdg ri d ehlqj hqrxjk prqh|/ wkh
@ 3&
djhqwv zloo uhtxluh p . p2  E23& 3& I3& 1 Li n @ 3/ n2 @ 3 dqg n @ 4> wkh
2
2
pdunhwv forvh1 Li n @ n2 @ 4> wkhuh zloo qhyhu eh hqrxjk prqh| dv n $ 41 Dw n @ 4
wkh pdunhw forvhv grzq dv wkhuh lv qr lqfhqwlyh wr vhoo frqvxpdeohv iru d zruwkohvv
dvvhw zkrvh vhuylfhv kdyh douhdg| ehhq uhqghuhg1 Wkh frqvxpswlrq pdujlqdo xwlolw|
ri wkh vhuylfhv ri jrog lv rqh/ exw wkh ydoxh ri jrog dw wkh hqg lv 31
51517

Qrw Hqrxjk Prqh|

Li wkhuh lv qrw hqrxjk prqh| lq wkh v|vwhp dv d zkroh/ wudgh zloo eh glplqlvkhg dqg
wkh sulfh ri wkh prqhwdu| frpprglw| jrhv deryh lwv pdujlqdo ydoxh dv d frpprglw|
wr uh hfw wkh vkdgrz sulfh ri wkh fdvk rz frqvwudlqw1 Zh rplw wklv fdvh fdofxodwlrq
dv lw lv txdolwdwlyho| vlplodu wr wkh prqh| pdunhw zlwk d vwrudeoh frqvxpdeoh1
44

51518

H{shfwdwlrqv ru Fdq Jrog Kdyh d Vdoydjh Ydoxh lq Wklv JdphB

Zh revhuyh wkdw dv orqj dv wkh ydoxh ri wkh vhuylfhv ri jrog wr d uhflslhqw lv erxqghg
dzd| iurp }hur dqg vrph diwhu0wudgh ydoxh ri wkh vhuylfhv uhpdlqv/ qr edfnzdug
lqgxfwlrq nloolqj wudgh zloo rffxu1 Li zh uhjdug wkh rqh shulrg jdph dv ehlqj d vlpsoh
phwdskru iru dq rqjrlqj surfhvv/ lw lv uhdvrqdeoh wr uhjdug gxudeoh dvvhwv dv fduu|lqj
ryhu wr wkh qh{w vwdjh ri wkh jdph1 Iroorzlqj g|qdplf surjudpplqj sudfwlfhv/ zh
pd| zlvk wr dwwdfk d vdoydjh ydoxh wr wkh ohiw ryhu gxudeohv1 Li zh duh frqfhuqhg zlwk
ehlqj deoh wr hqodujh rxu prgho vwuxfwxuh wr hqfrpsdvv d pxowlvwdjh hfrqrp|/ wkhq
dwwdfklqj vxfk d vdoydjh ydoxh pd| eh uhjdughg dv uh hfwlqj wkh h{shfwdwlrqv iru wkh
ydoxh ri wkh dvvhwv lq wkh pdunhwv ri wkh ixwxuh144
Wkh dwwdfkphqw ri d vdoydjh ydoxh wr ohiw ryhu jrog lv qhfhvvdu| dqg vx!flhqw wr
jlyh d vrphzkdw glhuhqw vroxwlrq wr wkh jdph srvhg lq Vhfwlrq 51514 deryh1 Lqvwhdg
ri wkh rswlpl}dwlrq looxvwudwhg lq h{suhvvlrq +;, zh pxvw frqvlghu/ iru wkh ohqghuv
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dqg vlploduo| iru wkh eruurzhuv1 Zlwk wklv fkdqjh wkh lqwhugd| ordq pdunhw zloo jr
dfwlyh iru d odujh hqrxjk 1
AIurp wkh srlqw ri ylhz ri h{shulphqwdo jdplqj lw lv hdv| dqg vwudljkwiruzdug
wr uhzdug wkh sod|huv lq sursruwlrq wr wkhlu vfruhv lqfoxglqj wkh vdoydjh ydoxh ryhu
 Dq lqwhusuhwdwlrq
zklfk hdfk kdv vrph vwudwhjlf frqwuro lq wkh vhohfwlrq ri j dqg g1
wr dvvljqlqj d vdoydjh ydoxh lv wkdw wkh dvvhw zloo kdyh ydoxh lq d ixwxuh jdph1 Wkh
h{lvwhqfh ri d srvlwlyh vdoydjh ydoxh wr wkh uhpdlqlqj dvvhwv lv qhfhvvdu| wr vxssruw
ydoxh/ exw wkhuh duh pdq| glhuhqw zd|v lq zklfk wklv fdq eh grqh1
51519

Rxwvlgh Prqh| zlwk Qr Rxwvlgh DjhqwB

Zkhq zh frqvlghu d prqh| pdunhw dv frqwudvwhg zlwk d odujh sulydwh edqn ru zlwk d
fhqwudo edqn/ wkuhh edvlf glvwlqfwlrqv pxvw eh pdgh1 Wkh| duh=
+4, Wkh qxpehu dqg qdwxuh ri wkh qdqfldo lqvwuxphqwv/
+5, Wkh prqrsrolvwlf srzhu ri wkh djhqwv/ dqg
+6, Wkh jrdov dqg prwlydwlrq ri wkh djhqwv1
Wkh lqvwuxphqwv Lq hlwkhu wkh prqh| pdunhw ru wkh hfrqrp| zlwk d fhqwudo edqn/
wkhuh lv dq lqlwldo vxsso| ri frpprglw| prqh| ru dq lqmhfwlrq ri dw dw wkh vwduw ri
44

Li zh duh frqfhuqhg zlwk d vwdwlrqdu| hfrqrp| lq whupv ri uhdo uhvrxufhv zh pljkw zlvk wr lqyrnh
wkh udwlrqdo h{shfwdwlrqv ydoxhv dvvrfldwhg zlwk dq lqqlwh krul}rq vwdwlrqdu| vwdwh1

45

wkh jdph1 Li zh zlvk wr ohw lqglylgxdov rewdlq pruh prqh| iurp wkh jryhuqphqw
ru iurp rwkhu lqglylgxdov/ wkhuh duh wzr w|shv ri lqvlgh prqh| zklfk pxvw eh
frqvlghuhg1 Lq lqvwlwxwlrqdo idfw/ lq wkh Xqlwhg Vwdwhv ixuwkhu dw prqh| pd| hqwhu
ru ohdyh wkh hfrqrp| lq h{fkdqjh iru jryhuqphqw erqgv/ ru wd{hv dqg vxevlglhv/ exw
qrw iru lqglylgxdo LRX qrwhv dv prghohg khuh1 Lq jhqhudo/ lqglylgxdo LRX qrwhv ru
hyhq edqn gudiwv ru fohdulqjkrxvh fuhglwv duh fuhglw dqg pd| eh uhjdughg dv prqh|
vxevwlwxwhv wkdw qhhg frqvlghudeoh fuhglw hydoxdwlrq1
Wkh prqrsrolvwlf srzhu ri wkh djhqwv Lq rxu dqdo|vlv zh kdyh sxusrvho| frq0
wudvwhg d prqrsrolvwlf prqh| ohqghu zlwk d fhqwudo edqn1 Erwk duh prqrsrolvwv/ exw
zlwk glhuhqw prwlydwlrqv dqg vrxufhv ri srzhu1 Wkh vrxufhv ri srzhu dsshdu wr
lqyroyh d pl{wxuh ri odz/ qhwzrun dqg uhsxwdwlrq frqvlghudwlrqv +vhh Vkxeln ^69`,1
Lq wkh rqh shulrg jdphv frqvlghuhg khuh/ wkhuh lv qr qhhg wr ydu| wkh prqh| vxs0
so| iurp shulrg wr shulrg1 Zkhq wkuhh ru pruh shulrgv duh frqvlghuhg wkh edqnlqj
v|vwhp pd| eh fdoohg rq wr erwk vkulqn dqg h{sdqg wkh prqh| vxsso| dqg d ixuwkhu
glvwlqfwlrq ehwzhhq wkh urohv ri wkh lqvlgh ru sulydwh dqg wkh rxwvlgh ru fhqwudo edqn
pxvw eh pdgh1
Wkh jrdov dqg prwlydwlrq ri wkh djhqwv Wkh lqvwlwxwlrq ri d fhqwudo edqn lv
durxqg 633 |hduv rog1 Lw lv/ lq hvvhqfh/ d sxeolf jrrg dqg d fuhdwxuh ri wkh vwdwh1
Prqh| ohqghuv kdyh ehhq lq h{lvwhqfh iru vhyhudo wkrxvdqg |hduv1 Vrph pd| kdyh kdg
d pruh ru ohvv prqrsro| srvlwlrq lq d olplwhg grpdlq1 Exw wkh| kdg jrdov ri surw
pd{lpl}dwlrq dqg frqvxpswlrq/ dqg lq jhqhudo kdg ohvv srzhu wkdq wkh zkroh vwdwh1
Rqh frxog dujxh wkdw idplolhv vxfk dv wkh Phglfl fdph forvh wr ehlqj prqh| ohqghuv/
uxohuv dqg d fhqwudo edqn1 Exw wkh fhqwudo edqn frqwuro sureohp lv vrphzkdw glhuhqw
iurp wkh vwudwhjlhv dqg lqwhqw ri wkh prqh| ohqghu1 Wkh prqh| ohqghu zdqwv wr pdnh
vxuh wkdw wkhuh lv qhyhu hqrxjk prqh|/ hyhq li kh kdv wr nhhs d vx!flhqw vxsso| lq
klv ydxow/ exw wkh fhqwudo edqn zdqwv wr vhh wkdw wkhuh lv dq dghtxdwh vxsso|1

6

Wkh Fhqwudo Edqn Frqwuro Sureohp

Zh wxuq wr wkh fhqwudo edqn frqwuro sureohp dqg wr wkh suhflvh irupxodwlrq ri zkdw
pljkw eh phdqw e| dq dowuxlvwlf ru sxeolf vhuydqw fhqwudo edqn1
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Wudgh zlwk Jrog= Wzr Wudghu W|shv zlwk dq Dowuxlvwlf Fhqwudo
Edqn

Lq Sduw 4 zh frqvlghuhg erwk wkh urohv ri d surw pd{lpl}lqj prqrsrolvwlf prqh|
ohqghu dqg dq dowuxlvwlf fhqwudo edqn1 Dv wkh txdolwdwlyh glvwlqfwlrq ehwzhhq wkh wzr
kdv douhdg| ehhq glvfxvvhg lq wkh frqwh{w ri d vwrudeoh frqvxpdeoh prqh| dqg wkh
frqwudvw khuh dsshduv wr eh vxevwdqwldoo| wkh vdph/ zh frqqh rxu uhpdunv wr wkh
fhqwudo edqn frqiurqwlqj wzr v|pphwulf djhqw w|shv1
Zh uhsodfh wkh prqrsrolvwlf prqh|0ohqghu zlwk dq dowuxlvwlf djhqf| zkr lv rqo|
lqwhuhvwhg lq euhdnlqj hyhq/ wkxv lw lv kdss| wr ohqg lwv uhvrxufhv wr idflolwdwh wudgh1
46

Zh frqvlghu wkh v|pphwulf vlwxdwlrq zkhuh p @ p2 @ p dqg wkh fhqwudo edqn kdv
E @ P  5p xqlwv ri jrog1
Vxssrvh wkdw wkh edqn rhuv dq dprxqw j iru ordq wr wkh wudghuv1 Wkh rswlpl}d0
wlrq iru wkh wudghuv ri W|sh 4 lv wkhq


#



e
gb
. n p
b . +n2  n , p
b .
pd{ * d  t>
^cKc_
s
4.
#
$
gb
.+n  n2 , p
b .
 eb
4.
#
$
gb
.+4  n , p
b .
. stb  eb
4.
g
 3>
+,
v1w1 p  e .
4.
+p  g  e . st,  3
+,
3  t  d dqg e> g  3

$

+59,

+5:,
+5;,
+5<,

Ohw xv ghqrwh wklv sureohp e| } 1 Wkhuh lv d vlplodu rswlpl}dwlrq iru wudghuv ri W|sh
5/ zklfk zh fdoo } 1 Zh uhpdun wkdw dv lq wkh prghov ri Sduw 4/ wkh wudghuv frqvlghu
 wr eh dq h{rjhqrxvo| jlyhq frqvwdqw1
Dowkrxjk lw dsshduv wkdw wkh yduldeoh j sod|v qr uroh lq wkh wudghuv rswlpl}dwlrqv/
zh uhpdun wkdw wkh lqwhuhvw udwh  lv iruphg yld
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Lq dgglwlrq/ sulfhv duh iruphg dv ehiruh=
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+64,

Qrz frqvlghu wkh edqn*v sureohp1 Wkh lqlwldo hqgrzphqw ri wkh edqn lv +3> 3> P 
5p,1 Wkh vwudwhj| ri wkh edqn lv wr vhohfw d qxpehu j/ zkhuh 3  j  P 5p/ lq vxfk
d pdqqhu wkdw lw rswlpl}hv vrph zhoiduh ixqfwlrq ri wkh wudglqj hfrqrp|1 Irupdoo|/
wkh edqn vroyhv
} ,
+duj pd{ } > duj pd{ 
+65,
pd{

$$ 3

f }  26

D

_cKc^ f

D

7 7Kc^7 f
_c

zkhuh lqglfdwhv wkdw wkh fhqwudo edqn uhtxluhv d fulwhulrq iru wkh ydoxdwlrq ri wkh
rxwfrph ri wkh jdph/ zklfk/ lq jhqhudo lv yhfwru ydoxhg/ zlwk dw ohdvw d frpsrqhqw
iru hdfk w|sh1
61414

Frqwuroolqj wkh Prqh| Vxsso|

Lq wklv sxusrvho| vhohfwhg vlpsoh h{dpsoh zlwk v|pphwulf w|shv/ vxssrvh wkdw wkh rqh
glphqvlrqdo jrdo iru wkh fhqwudo edqn lv wr plqlpl}h wkh ohyho ri wkh hqgrjhqrxvo|
iruphg lqwhuhvw udwh/ l1h1/ wr plqlpl}h wkh frvw wr wkh djhqwv ri qdqflqj wudgh1 D
47

vlpsoh h{dpsoh looxvwudwhv wkh frqglwlrqv iru wkh fhqwudo edqn*v dfwlrqv dqg uhvrxufh
qhhgv1
Zh frqvlghu irxu lqlwldo frqglwlrqv/ iru wkh lqvwdqfh zkhuh n @ n2 @ 3/ n @ 4=
Wklv lv wkh fdvh zkhuh wkh frqvxpswlrq ydoxh ri wkh vhuylfhv ri jrog lv frpsohwho|
orvw zkhq xvhg iru d wudqvdfwlrq1 Wkh frqglwlrqv duh glvsod|hg lq Wdeoh 61 Zh qrwh
lq hdfk lqvwdqfh wkh fhqwudo edqn*v uhvrxufhv dqg wkh lqlwldo uhvrxufhv ri wkh wudghu
w|shv1 Wkh edqn dozd|v kdv +3> 3> 5^d> d`,>
b lw kdv d frqvlghudeoh vxsso| ri jrog dqg
qrwklqj hovh1

Edqn
+3> 3> 5^d> d`,
b
+3> 3> 5^d> d`,
b
+3> 3> 5^d> d`,
b
+3> 3> 5^d> d`,
b

Wudghu 4
+d> 3> ^3> 3`,
+d> 3> ^ @2 > @2 `,

+ e@ > @e > ^ @2 > @2 `,
+ @2 > @2 > ^ @2 > @2 `,

Wdeoh 6
Wudghu 5
Lqlw1 Ydo1
+3> d> ^3> 3`,
3
@ @
@
+3> d> ^ 2 > 2 `,
I2

+ @e > e@ > ^ @2 > @2 `,
+ @2 > @2 > ^ @2 > @2 `,
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Wkh ydoxhv dqg wkhlu wudgh lpsolfdwlrqv duh vkrzq lq Iljxuh 61
Trader 1
(0,0)
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(0, a)

C

T1
 a 3a 
 , 
4 4 

C1
 a a
 , 
 2 2

CE

C1

C (0,0)
Trader 2

Iljxuh 6
Zkhq wkh lqlwldo frqglwlrqv duh +d> 3> 3,/ +3> d> 3, wkh frqwudfw fxuyh lv F F dqg
wkh pdujlqdo ydoxh ri wudgh lv xqerxqghg1 D prqrsrolvwlf edqnhu frxog uhpryh doo
uhvrxufhv1 Wkh dowuxlvwlf edqnhu fdq sxw xs j @ d xqlwv ri lwv jrog iru ordq Wkhuh lv
d qrqfrrshudwlyh htxloleulxp zkhuh wkh djhqwv rhu wr sd| edfn suhflvho| g . g @ j/
exw g|qdplfdoo| d frruglqdwlrq sureohp lv hqfrxqwhuhg1 E| surylglqj wkh d wkh
jryhuqphqw hqdeohv wkh lqglylgxdov wr rewdlq wkh FH rxwfrph e| xvlqj lwv jrog iru
48

wudgh1 Wkh| uhwxuq wkh dvvhw zklfk xqohvv lw kdv d vdoydjh ydoxh lv ydoxhohvv1 Wkh
jryhuqphqw kdv zdvwhg wkh vhuylfh ydoxh ri lwv jrog lq uhvhuyh dqg kdv jlyhq dzd| wkh
vhuylfh ydoxh ri lwv jrog lq flufxodwlrq1 Wkh wudghuv glg qrw xvh wkh vhuylfh ydoxh/ exw
lqvwhdg xvhg lwv wudqvdfwlrqv ydoxh1
Li lqlwldo frqglwlrqv duh +d> 3> ^ @2 > @2 `,/ +3> d> ^ @2 > @2 `, wkh wudghuv kdyh hqrxjk prqh|
wr qdqfh h!flhqw wudgh/ exw wkh| orvh doo ri wkh vhuylfh ydoxh ri wkh jrog lq grlqj
vr1 Lqvwhdg wkh| duh deoh wr rewdlq d jliw ri dq lqwhuhvw iuhh ordq j @ d iurp wkh edqn
zklfk fryhuv wkhlu wudqvdfwlrqv qhhgv1 Wkh v|vwhp kdv vwloo zdvwhg wkh frqvxpswlrq
ydoxh ri 5d xqlwv ri jrog1
Li lqlwldo frqglwlrqv duh + e@ > @e > ^ @2 > @2 `,/ + @e > e@ > ^ @2 > @2 `, wkh wudghuv kdyh pruh wkdq
hqrxjk prqh| wr qdqfh h!flhqw wudgh1 Wkhlu lqlwldo vxssolhv dqg ydoxdwlrqv ri wkh
wzr wudglqj frpprglwlhv duh vkrzq lq Iljxuh 6 dw wkh srlqw W 1 Wkh qhz frqwudfw
fxuyh lv jlyhq e| F F 1 Wkh jryhuqphqw edqn qhhg rqo| rhu j @ d@5 wr hqdeoh wkh
wudghuv wr dfklhyh wkh ixoo ydoxh ri 6d@51 Wkh v|vwhp kdv vwloo zdvwhg wkh frqvxpswlrq
ydoxh ri 5d xqlwv ri jrog1
Li lqlwldo frqglwlrqv duh + @2 > @2 > ^ @2 > @2 `,> + @2 > @2 > ^ @2 > @2 `, wkh wudghuv duh dw d srlqw zklfk
uhtxluhv qr wudgh1 Wkhlu lqlwldo vxssolhv dqg ydoxdwlrqv ri wkh wzr wudglqj frpprglwlhv
duh vkrzq lq Iljxuh 6 dw wkh srlqw FH1 Wkh qhz frqwudfw fxuyh lv mxvw wkh srlqw FH1
Wkh jryhuqphqw edqn pdnhv qr ordqv1 Wkh wudghuv rewdlq wkh ixoo ydoxh ri 6d@51 Wkh
v|vwhp kdv vwloo zdvwhg wkh frqvxpswlrq ydoxh ri 5d xqlwv ri jrog1
Dv wkh phdqv ri h{fkdqjh lv jrog wkh edqn/ e| vwrulqj lwv uhvhuyhv xvhohvvo| lpsrvhv
d ghdgzhljkw orvv rq wkh vrflhw|1
61415

Frqwuroolqj wkh Udwh ri Lqwhuhvw

Lqvwhdg ri xwlol}lqj wkh txdqwlw| ri prqh| dv lwv frqwuro yduldeoh/ wkh edqn frxog xvh
wkh udwh ri lqwhuhvw1 Wkh wudghuv* rswlpl}dwlrq sureohpv duh wkhq ghqrwhg e| 4 dqg
 4 / ghqhg lq wkh reylrxv zd|1 Wkh edqn wkhq vroyhv
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Wkh qrqqhjdwlylw| ri  jxdudqwhhv wkdw wkh edqn zloo qrw rshudwh dw d orvv1
Exw li lw zhuh wr dqqrxqfh  @ 3 wkh ghpdqg e| wkh wudghuv zrxog eh xqerxqghg
ehfdxvh wkh vhuylfhv ri jrog duh ehlqj jlyhq dzd|1
61416

Wkh 433( Edfnhg Fuhglw Vroxwlrq= Iruw Nqr{ ru wkh Edqn ri Dp0
vwhugdpB

Zkhq wkhuh lv d juhdw ghdo ri jrog lq wkh v|vwhp/ wudgh ehwzhhq wkh frqvxpdeohv
fdq eh pd{lpl}hg1 Exw wkhuh lv d vrfldo dffrxqwlqj sureohp1 Vxssrvh wkh jrog kdv
vhuylfhv wkdw hqwhuv wkh xwlolw| ixqfwlrq lq vxfk d zd| wkdw lwv pdujlqdo xwlolw| lv dozd|v
erxqghg dzd| iurp }hur145 Wkhq/ li wkh edqn kdv pruh wkdq hqrxjk jrog/ zh qhhg wr
vshfli| zkdw duh wkh jrdov ri wkh fhqwudo edqn zlwk uhvshfw wr lwv dvvhwv zklfk pljkw
45

Wkh vhohfwlrq ri d prgho zlwk d jrog hqwhulqj wkh xwlolw| ixqfwlrq dv d olqhduo| vhsdudeoh whup lv
pdgh iru vhyhudo uhdvrqv=

49

kdyh ydoxh hovhzkhuh1 Wklv sureohp vkrzv xs lq wkh frqvwudlqwv ri wkh rswlpl}dwlrq
sureohp iru wkh lqglylgxdov +zkr kdyh d ydoxh iru pruh vhuylfhv ri wkh jrog, dqg lq
wkh prwlydwlrq ri wkh edqn zkr kdv pruh jrog wkdq lv qhhghg iru wudqvdfwlrqv1
Klvwrulfdoo| wkh Edqn ri Dpvwhugdp zurwh sdshu djdlqvw wkh jrog lw khog1 Sk|v0
lfdoo| wkh sdshu zdv hdvlhu wr wudqvsruw dqg wr surwhfw djdlqvw wkhiw Lq wkh frqwh{w
ri d zruog zlwk h{rjhqrxv xqfhuwdlqw| +zklfk zh gr qrw ghdo zlwk khuh, uhvhuyhv duh
uhtxluhg wr surwhfw djdlqvw xfwxdwlrqv1 Exw khuh wkh| duh qrw qhhghg1 Khqfh li
wudqvdfwlrqv frvwv zhuh orz hqrxjk/ iurp wkh ylhz srlqw ri dq dowuxlvwlf fhqwudo edqn
+lq frqwuro ri lwv wuhdvxu|,/ udwkhu wkdq nhhs lwv jrog lq d Iruw Nqr{ lw frxog ohqg jrog
iru frqvxpswlrq/ wkhuhe| udlvlqj frqvxpswlrq ohyhov1 Lq uhdolw| wkh hyhu shuydvlyh
frvw ri surfhvv pdnhv wklv lpsodxvleoh1

7

Prghov ri Pdunhwv zlwk Ildw/ Fohdulqj dqg Fuhglw
Uhwdlohu wr Zkrohvdohu= Shrsoh dwh |rxu vduglqhv dqg zhuh srlvrqhg1
Zkrohvdohu wr Uhwdlohu= \rx irro wkrvh zhuh wudglqj vduglqhv qrw hdwlqj
vduglqhv1
Rog Qhz \run Vwru| +deeuhyldwhg,
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Wzr Wudghu W|shv wudglqj zlwk Ildw
Wdeoh 7
Wzr wuhdwphqwv iru wudgh zlwk dw prqh| dqg fuhglw
Fdvk rqo|
Dowuxlvwlf fhqwudo edqn
Wudghu 4
+d> 3> p,
+d> 3> 3,
Wudghu 5
+3> d> p,
+3> d> 3,
Fhqwudo edqn
qr
+3> 3> E,

Zh qrz pryh wr prghov zlwk dw prqh|1 Zkhq zh frqvlghu d dw prqh|/ wkhuh lv
qr lpphgldwh frqvxpswlrq vhuylfh ydoxh wr wkh uhflslhqw1 Khqfh/ li qr vdoydjh ydoxh
lv dwwdfkhg wr wkh vxuylylqj dvvhwv wkh Kdkq sdudgr{ dssolhv1 Qr rqh rhuv jrrgv
iru vdoh ehfdxvh wkh| zloo hqg xs zlwk zruwkohvv sdshu1 Pdq| zulwhuv kdyh srlqwhg
rxw wkdw lq rughu iru wkh prqh| wr vxssruw wudgh wkhuh pxvw eh dq h{shfwdwlrq wkdw
d whuplqdo vxsso| ri wkh dvvhw kdv ydoxh1 Khqfh/ iru d vlpsoh rqh shulrg jdph zkhuh
sd|phqw lq fdvk lv d uhtxluhg uxoh/ wkh h{lvwhqfh ri d srvlwlyh vdoydjh ydoxh iru dw lv
d qhfhvvdu| frqglwlrq iru wudgh1 Zh glvfxvv wklv pruh ixoo| ehorz/ lq Vhfwlrq 715141
41 Lw lv hdv| wr looxvwudwh dqg frpsxwh1
51 Lw surylghv d vlpsoh zhoiduh phdvxuh1
61 Lw khosv wr surylgh wkh frqwudvw ehwzhhq wkh xvh ri jrog dqg dw1
71 Lw orrnv olnh wkh whuplqdo zhdowk frqvwudlqw lq d frpshwlwlyh h{fkdqjh prgho1
81 Lw surylghv d olqn +qrw xwlol}hg khuh, ehwzhhq vwudwhjlf pdunhw jdphv dqg pdunhw jdphv vwxglhg
lq frrshudwlyh jdph wkhru|1

4:

71414

Wkh Wuhdwphqw ri wkh Vhuylfh Ydoxh ri Ildw

Wkh wudqvdfwlrqv dvshfwv ri wkh vhuylfhv ri wkh dw duh glhuhqw lq pdq| zd|v iurp/
riwhq vxshulru wr/ dqg vrphwlphv lqihulru wr wkrvh ri jrog146 Lq Vhfwlrq 5 zh qrwhg
wkuhh dvshfwv ri jrog wr zklfk ydoxh lv dwwdfkhg1 Wkh| duh lwv ydoxh dv dq ruqdphqw/
lwv ydoxh lq wudqvdfwlrqv/ dqg lwv uhvlgxdo ydoxh dv dq dvvhw zlwk d srvvleoh vdoydjh
ydoxh dw wkh hqg ri wkh jdph1 Ildw kdv rqo| wzr ydoxhv/ lwv ydoxh lq wudqvdfwlrqv dqg
lwv uhvlgxdo ydoxh dv dq dvvhw zlwk d srvvleoh vdoydjh ydoxh dw wkh hqg ri wkh jdph1
Ohw xv uhfdoo wkh zd| wkh vhuylfh ydoxh ri jrog prqh| zdv prghoohg lq Vhfwlrq 5141
W|sh 4 wudghuv dwwhpsw wr vroyh=




e
b
. n2 p
b . +n  n2 ,+p
b  e,
pd{ * d  t>
^cK
s
. +4  n ,+p
b  eb . st,
b . +p . st  e,
v1w1 p  e  3
+,
p . st  e  3
+,
e  3> 3  t  d

+67,
+68,
+69,
+6:,

Khuh n2 lv wkh sursruwlrq ri wkh shulrg ehiruh wkh jrrgv pdunhw rshqv/ n  n2 lv wkh
sursruwlrq ri wlph vshqw gxulqj wkh pdunhw zkhuh wkh frqvxpswlrq xvh ri wkh jrog
xvhg dv prqh| lv orvw/ dqg 4  n lv wkh sursruwlrq ri wlph diwhu wkh pdunhw zkhuh wkh
frqvxpswlrq xvh ri jrog khog e| wkh qdo rzqhu ri wkh dvvhw lv uhdol}hg1 Exw zkhq
wkh prqh| lv dw/ frqvxpswlrq ydoxh lv luuhohydqw1
D eulgjlqj fdvh ehwzhhq jrog dqg dw lv rewdlqhg e| vhwwlqj n2 @ 3 dqg n @ 4
+vhh Irrwqrwh 9,1 Qr frqvxpswlrq ydoxh lv ohiw iru jrog li lw lv xvhg iru wudqvdfwlrqv1
Wkh glvwlqfwlrq ehwzhhq dw dqg jrog khuh lv wkdw zkhuhdv dw qhyhu kdv frqvxpswlrq
zruwk/ jrog kdv zruwk hlwkhu lq frqvxpswlrq ru wudqvdfwlrqv exw qrw erwk1
Qrwh wkdw lq wkh jrog prqh| prgho deryh/ li zh vhw wkh vdoydjh ydoxh sdudphwhu
 @ 3 wkh ixoo irufh ri wkh Kdkq sdudgr{ lv hqfrxqwhuhg1 Lq d rqh shulrg hfrqrp|
jrog/ olnh dw/ lv zruwkohvv li ohiw ryhu xqohvv vrphrqh sd|v vrphwklqj ri zruwk iru lw1
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Wkh Wuhdwphqw ri wkh Vdoydjh Ydoxh ri Ildw

Ehfdxvh dw lv dq huvdw} uhdo gxudeoh/ lw kdv glhuhqw sk|vlfdo surshuwlhv frqfhuqlqj
lwv xwlol}dwlrq/ fuhdwlrq dqg ghvwuxfwlrq zkhq frpsduhg zlwk rwkhu sk|vlfdo dvvhwv1 Lq
sduwlfxodu/ d qlwh hfrqrp| fdq eh frqvlghuhg dv fdvk frqvxplqj zlwk dq rxwvlgh
jryhuqphqw djhqf| lqlwldoo| qdqflqj wkh rdw wkurxjk d iuhh lvvxh ri rxwvlgh prqh|/
wkhq yld d qrq}hur udwh ri lqwhuhvw wkh fhqwudo edqn h{wudfwv doo ri wkh rxwvlgh prqh|
iurp wkh v|vwhp1 Lq hvvhqfh wkh udwh ri lqwhuhvw dqg eruurzlqj vhuyh dv d edfnzdug
rshudwru wkurxjk wlph vr wkdw dw wkh vwduw ri wkh qdo vhwwohphqw gd| W . 4 +diwhu d
46

Wudqvsruwdelolw| lv hdvlhu dqg pxfk idvwhu> gxudelolw| lv h{wuhpho| glhuhqw> frjql}delolw| udlvhv
glhuhqw txhvwlrqv dqg glylvlelolw| lv hdvlhu1 Lq d ghfd|lqj ru zdu0ulgghq vrflhw|/ jrog pd| eh pruh
wuxvwzruwk| wkdq wkh srolwlfdo ohjdo dqg vrflhwdo jxdudqwhhv ri lwv sdshu1 +Vhh Mhyrqv ^54` dqg Vkxeln
^67`1,

4;

W shulrg hfrqrp| kdv forvhg grzq,/ wkh dw lq wkh v|vwhp lv mxvw dghtxdwh wr sd|
wkh ghew rzhg wr wkh fhqwudo edqn +vhh Vkxeln ^66`,147
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Wkh Kdkq Sdudgr{ Uhylvlwhg= Pdq| Ihdvleoh Il{hv

Ehiruh zh fdq ixoo| ghqh d yldeoh hfrqrplf prgho zlwk dw zh qhhg wr glvfxvv wkh
wuhdwphqw ri wkh whuplqdo erxqgdu| frqglwlrqv1 Wklv uhsuhvhqwv wkh ydoxh dwwdfkhg
wr wkh gxudeoh dvvhwv/ ohiw ryhu diwhu wkh jdph1
71514

Wkh sdudgr{ dqg d qhfhvvdu| frqglwlrq iru wkh {

Wkh Kdkq sdudgr{ ghdov zlwk zk| wkhuh duh sureohpv zlwk lqwurgxflqj dw prqh|48
+zlwk qr vdoydjh ydoxh, lqwr wkh jhqhudo htxloleulxp v|vwhp1 Kdkq ^4<` revhuyhg wkdw
li vxfk prqh| zhuh lqwurgxfhg lqwr d jhqhudo htxloleulxp prgho zlwk d gxudwlrq ri
d qlwh wlph W / wkhq rqh frxog zrun d edfnzdug lqgxfwlrq dv iroorzv1 Iluvw/ dw wlph
W . 4 dq| ri wkh prqh| ohiw ryhu lv zruwkohvv> khqfh wkhuh lv qr srlqw lq vhoolqj dq|
lwhp dw wlph W li rqh lv jrlqj wr eh sdlg lq d gxudeoh zlwk qr ixwxuh zruwk dqg qr
fxuuhqw frqvxpswlrq vhuylfh ydoxh1 Khqfh qr lqglylgxdo vpdoo djhqw zloo rhu dq|
lwhp ri ydoxh iru vdoh lq shulrg W 1 Li wklv kdsshqv wkh pdunhwv duh lqdfwlyh dw wlph
W dqg zh pd| uhshdw wkh dujxphqw iru wlph W  4> hyhqwxdoo| zh frqfoxgh wkdw wkh
pdunhwv qhyhu jr dfwlyh1
Wkh pdwkhpdwlfv dqg orjlf srlqw rxw wkh sureohp1 Exw wkh vroxwlrq olhv lq iru0
pxodwlqj wkh dssursuldwh prghov ri hfrqrplf dfwlylw|1 Dv d jrrg dssur{lpdwlrq/ zh
olyh hpehgghg lq wlph1 Wkhuh kdv ehhq d |hvwhugd| dqg zlwk d kljk suredelolw| wkhuh
zloo eh d wrpruurz1 Wkh qlwh krul}rq hfrqrplf prgho lv hpehgghg lq vrflhw| dqg
wlph1 Lq rughu wr pdnh wkh prgho pruh sodxvleoh zh pxvw dssur{lpdwh wkh frqglwlrqv
srvhg e| wkh h{lvwhqfh ri klvwru| dqg wkh ixwxuh1 Lw lv qhfhvvdu| wr eh vshflf derxw
krz lqlwldo ru suh jdph frqglwlrqv duh vshflhg dqg wr surylgh h{solflw lqvwuxfwlrqv
iru wkh whuplqdo frqglwlrqv ri wkh jdph1
Wkh pdwkhpdwlfdo wuhdwphqwv olqnlqj lqqlwh krul}rq dqg qlwh krul}rq g|qdplf
surjudpplqj dsshdu wr eh dssursuldwh1 Lq pruh ru ohvv vwdqgdug rshudwlrqv uhvhdufk
wkh lqlwldo frqglwlrqv vshfli| wkh rzqhuvkls fodlpv/ lqfoxglqj lwhpv vxfk dv jrrgv0lq0
surfhvv zklfk uhsuhvhqw wkh hyhqwxdo rxwsxw lqwr wkh surfhvv ri lwhpv zkrvh frqwuro
yduldeohv kdyh ehhq vhohfwhg sulru wr wkh vwduw ri wkh surfhvv/ wkxv wkh| duh sdudphwhuv
ri d qhz jdph udwkhu wkdq frqwuro yduldeohv1
Dw wkh hqg ri wlph zkdw duh wkh frqglwlrqv zklfk dssursuldwho| uh hfw wkh srvvl0
elolw| wkdw wkh dfwxdo surfhvv frqwlqxhv exw lv ehlqj dssur{lpdwhg e| d qlwh krul}rqB
D uhdvrqdeo| vrsklvwlfdwhg zd| wr kdqgoh wklv sureohp lv wr lqwurgxfh dqg mxvwli| d
vdoydjh ydoxh1
47

Wklv frqvwuxfwlrq kdv uhfhqwo| ehhq xvhg e| Gxeh| dqg Jhdqdnrsorv ^<` lq lqwurgxflqj d vwudwhjlf
gxpp| sod|hu fhqwudo edqn1
48
Zh vd| dw khuh/ exw lq wkh ruljlqdo zrun ri Gheuhx ^:` hyhq frpprglw| prqh| fdqqrw eh
pdgh wr w zlwkrxw h{solflwo| lqwurgxflqj shulrg e| shulrg fdvk rz frqglwlrqv1 Wkh prgho zdv wkh
uljkw devwudfwlrq wr jhw dzd| iurp wudqvdfwlrqv sureohpv dqg wkh krvw ri erxqgdu| frqglwlrq dqg
lqhtxdolwlhv wkhlu frqwuro v|vwhp vwuxfwxuh jhqhudwhv1 D prgho wkdw lv h{fhoohqw iru rqh sxusrvh pd|
eolqg rqh iurp wkh idfwv qhhghg iru rwkhu sxusrvhv1

4<
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Wkh Pdq| Vx!flhqw Frqglwlrqv iru d Il{

Lw kdv ehhq vxjjhvwhg hovhzkhuh ^67` wkdw wkhuh duh pdq| sodxvleoh zd|v wr dfklhyh d
{1 Zh pxvw sd| dwwhqwlrq wr qrw rqo| wkh phdqlqj ri wkh whuplqdo frqglwlrqv/ exw
krz wkh| ghshqg rq wkh lqlwldo frqglwlrqv1
Lqlwldo frqglwlrqv= Ghew dqg rzqhuvkls AIurp wkh ylhzsrlqw ri wkh hfrqrplvw
wkh lqlwldo frqglwlrqv vshfli| surshuw| uljkwv dqg rzqhuvkls fodlpv1 Wkhvh frqglwlrqv
pd| dovr lqfoxgh ghewv rzhg wr djhqwv rxwvlgh ri wkh jdph/ ru zkr suh0h{lvwhg exw
vwloo h{lvw lq wkh jdph1 H{dpsohv duh wkh jryhuqphqw dqg wkh uvw jhqhudwlrq lq dq
ryhuodsslqj jhqhudwlrqv prgho1
Whuplqdo frqglwlrqv= Vdoydjh ydoxhv dqg h{shfwdwlrqv
Wkhuh duh vl{ dqg wkluw| zd|v
ri frqvwuxfwlqj Wuledo od|v
dqg hyhu| vlqjoh rqh ri wkhp lv uljkw$
U1 Nlsolqj
Dhvwkhwlfv dqg vlpsolflw| fdoo iru xv wr vhhn wkh edvlf fohdqhvw frqglwlrq1 Wkh
zkroh sklorvrsk| ri wkh dssurdfk khuh kdv ehhq wkdw ri plqlpdo lqvwlwxwlrqv1 \hw
lq d frpsoh{ zruog vrphwlphv pruh wkdq rqh vhw ri frqglwlrqv duh erwk sodxvleoh
dqg vx!flhqw1 Vhyhudo glhuhqw zd|v iru wdnlqj fduh ri whuplqdo frqglwlrqv duh qrwhg=
Wkh ghwdlohg glvfxvvlrqv ri prvw ri wkhp kdyh ehhq jlyhq hovhzkhuh e| pdq| vfkroduv
ri prqhwdu| wkhru|1 Dv wkhvh vshflfv duh qrw jhupdqh wr wkh pdlq wkuxvw ri wkhvh
sdshuv wkh| duh qrw glvfxvvhg lq ghwdlo khuh dqg qr dwwhpsw lv pdgh wr surylgh dq
h{kdxvwlyh wuhdwphqw1 Wkh olvw lqfoxghv=
41 Wkh h{lvwhqfh ri d udqgrpo| glvwulexwhg lqlwldo dprxqw ri rxwvlgh prqh| zklfk
pxvw/ e| wkh uxohv ri wkh jdph eh uhwxuqhg dw wkh hqg +sdvvhg wr wkh qh{w
jhqhudwlrq/ ru edfn wr vrflhw| lq vrph rwkhu zd|, ^6;`
51 Wkh h{lvwhqfh ri d sulydwh edqn ri vxfk uhsxwdwlrq wkdw rqo| wkh sdshu lw lvvxhv
lv wuhdwhg dv d prqh|1 Lw lv wuxvwhg wr wkh h{whqw wkdw lw pd| sulqw lwv prqh| lq
wkh vhqvh wkdw lw fdq sd| iru jrrgv dqg vhuylfhv ru prqhwl}h wkh fuhglw ri rwkhuv
zlwk lwv qrwhv149
61 Wkhuh pd| eh roljrsrolvwlf sulydwh edqnv zkr frqwuro pxfk ri wkh vxsso| ri wkh
rxwvlgh prqh| ru jrog +vhh Vkxeln ^65`/ ^63`,4: 1
49

Li d sulydwh phufkdqw edqn*v sdshu lv xqlyhvdoo| dffhswhg/ vrph ri lw*v suhylrxvo| lvvxhg sdshu/
vxfk dv jliw fhuwlfdwhv frxog flufxodwh dv wkh htxlydohqw ri jryhuqphqw rxwvlgh prqh| zkhuh/ lq
jhqhudo/ wkh| duh qhyhu fdoohg1 Li wkh| duh fdoohg wkh| duh uhghhpdeoh lq jrrgv dw wkh vwruh1 Lq
vxfk dq hfrqrp| uhdo dvvhwv edfn wkh rxwvlgh prqh| wkh lqwhuhvw udwh fdq eh srvlwlyh uhsuhvhqwlqj
wkh phufkdqw edqnhu*v uhyhqxhv zklfk pd| eh frqvxphg wkhuhe| edodqflqj doo errnv lqwhuqdoo|1
4:
D frpsohwho| glhuhqw zd| ri prgholqj wkh wuxvw sureohp lv yld frrshudwlyh jdph wkhru|/ wklv zdv
dwwhpswhg^63`/ exw dedqgrqhg iru wkh pruh lqvwlwxwlrqdo vwudwhjlf irup dssurdfk1 Wkh xwlol}dwlrq ri
wkh fruh frqfhsw wr d prqhwdu| hfrqrp| wr looxvwudwh wkh surshuwlhv ri wuxvw dsshduv wr eh surplvlqj
dqg lv wuhdwhg hovhzkhuh1

53

71 Wkhuh pd| eh dq rxwvlgh fhqwudo edqn zklfk/ e| fkdujlqj d srvlwlyh udwh ri
lqwhuhvw lq zkdw zrxog sk|vlfdoo| eh d vwdwlrqdu| vwdwh zloo eh deoh wr frqvxph
doo ri wkh ruljlqdo iuhh lvvxh ri dw e| wkh hqg ri dq| qlwh krul}rq ^66`1
81 Wkhuh lv dq rxwvlgh edqn zklfk rhuv ordqv dqg lpsrvhv ghidxow frqglwlrqv rq
wkrvh zkr idlo wr fryhu wkhlu ghewv dw wkh hqg ri wkh jdph ^6;`1
91 Dq| ri wkh deryh fdq eh frpelqhg zlwk vdoydjh ydoxhv dwwdfkhg wr dq| ohiw ryhu
dvvhwv dwwulexwhg wr dq| w|sh ri h{shfwdwlrqv sursrvhg1
:1 Wkh ydoxdwlrq frxog eh edvhg rq vrph irup ri udwlrqdo h{shfwdwlrqv14;
;1 Rqh fdq dvvxph wkdw dv wkh surfhvvhv duh lqwulqvlfdoo| g|qdplf/ wkh fruuhfw {
lv wr ghdo gluhfwo| zlwk wkh lqqlwh krul}rq/ wkxv d edfnzdug lqgxfwlrq lv qrw
uhohydqw ^57`/ ^64`/ ^55`1
<1 Ryhuodsslqj jhqhudwlrqv pd| eh srvwxodwhg dv d ehwwhu prgho wkdq hlwkhu wkh
qlwh whuplqdwlrq ru wkh g|qdvw| hfrqrplhv ^5`1
431 Rqh fdq lqwurgxfh wd{hv/ vxevlglhv dqg sxeolf jrrgv lq pdq| glhuhqw zd|v
surylglqj d ydulhw| ri uhdolvwlf {hv iru wkh whuplqdo frqglwlrqv1
441 Doo djhqwv lvvxh wkhlu rzq fuhglw qrwhv/ wkhuh lv d edqnuxswf| odz vshflhg dqg d
fuhglw djhqf| hydoxdwhv hdfk djhqw*v fuhglw vr wkdw vkh frqirupv zlwk khu exgjhw
frqvwudlqwv +vhh Vrulq ^74`,1 Wklv lpdjlqdwlyh exw vrphzkdw frxqwhuidfwxdo
vroxwlrq vwuhvvhv wkh hyhu0jurzlqj lpsruwdqfh ri fuhglw hydoxdwlrq lq d pdvv
dqrq|prxv pdunhw hfrqrp|1 Wkh hydoxdwlrq srvhv sureohpv lq frruglqdwlrq
+iru d frqqhfwlrq zlwk uhodwhg sureohpv lq sk|vlfv/ vhh Vplwk dqg Vkxeln ^73`/
^6:`,1
451 D zhgjh ehwzhhq ex|lqj dqg vhoolqj frvwv lqwhuphgldwhg e| d prqh| fdq eh
lqwurgxfhg lq vhyhudo zd|v ^53`/ ^47`/ ^56`1
461 Fuhglw frqvlghudwlrqv1
471 Ohjdo frqvlghudwlrqv ^8`1
481 Pruh ru ohvv dq| frpelqdwlrq ri wkh deryh olvw fdq eh frqvlghuhg1 Dq| ri wkhp
fdq eh xvhg wr vhw xs d sod|deoh h{shulphqwdo jdph1
Doo duh vx!flhqw exw qrqh dsshdu wr eh qhfhvvdu|/ hyhq wkh jryhuqphqw edqn1
Wkh jryhuqphqw edqn fdq xvh d udwh ri lqwhuhvw wr uhpryh wkh rxwvlgh dw prqh|
zklfk lv wkh edvlv iru dq hvvhqwldoo| frvwohvv qdqflqj ri wkh wudqvdfwlrqv rdw ^66`1
Hyhq zlwk dq rxwvlgh edqn/ lq d qlwh krul}rq jdph lw lv xquhdvrqdeoh wr dwwdfk }hur
zruwk wr doo rwkhu gxudeohv vxfk dv odqg dqg rwkhu kljko| gxudeoh uhvrxufhv zklfk
zloo sk|vlfdoo| eh wkhuh dw wlph W . 41
Zh frqvlghu wkh fhqwudo edqn/ prqh| pdunhw dqg vdoydjh ydoxh iru rwkhu dvvhwv
khuh1 Lq Sduw 6 sulydwh edqnv duh frqvlghuhg1
4;

Dq h{fhoohqw glvfxvvlrq ri h{shfwdwlrqv lv jlyhq e| Judqgprqw ^49`1 Iru d wuhdwphqw ri udwlrqdo
h{shfwdwlrqv zlwk qrq0v|pphwulf lqirupdwlrq vhh Gxeh|/ Jhdqdnrsorv dqg Vkxeln ^43`1
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Wzr Wudghu W|shv wudglqj zlwk Ildw= Wkh Prgho

Qrz zh prgli| wkh prghov ri Vhfwlrq 5 iru wudgh lq dw1
Zh djdlq frqvlghu wzr w|shv ri wudghuv wudglqj lq wzr jrrgv/ zlwk lqlwldo hqgrz0
phqwv ri +d> 3> ^p> p`,
b dqg +3> d> ^p> p`,1
b
Krzhyhu/ wkh frpprq xwlolw| ixqfwlrq iru
wkh w|shv lv qrz *+{> |,.z1
a Wkh z
a vwdqgv iru wkh h{shfwhg whuplqdo dprxqw ri dw
khog e| wkh wudghuv ri hlwkhu w|sh/ zkloh wkh sdudphwhu  lv wkh hqg0ri0jdph vdoydjh
ydoxh iru wkh dw1
Dv ehiruh/ wkhuh lv d frqwlqxxp ri hdfk wudghu w|sh1 D vwudwhj| ri wkh W|sh 4
wudghuv lv ghqrwhg e| +t> e,> zkhuh t lv wkh dprxqw ri jrrg 4 rhuhg iru vdoh dqg e lv
wkh dprxqw ri dw elg iru jrrg 51 Wkh qrwdwlrq iru wudghuv ri W|sh 5 lv +
t > e,1
Wkh wudghuv ri W|sh 4 dwwhpsw wr vroyh=
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Wkh W|sh 5 wudghuv idfh d vlplodu pd{lpl}dwlrq sureohp1 Sulfh lv iruphg e|=
e
e
s @ dqg s @ =
t
t

+74,

Li rxu vwuhvv lv rq vwdwlrqdulw| zh fdq lpsrvh dq h{wud udwlrqdo h{shfwdwlrqv
frqglwlrq dqg lpsrvh h{wud frqvwudlqwv rq h{shfwdwlrqv1 Wkxv khuh li zh ihho wkdw
s/
suhglfwlrqv ri ixwxuh sulfhv duh devroxwho| suhflvh zh uhtxluh wkdw  @ 4@a
s @ 4@a
l1h1/ wkdw prqh| lv h{shfwhg wr suhvhuyhv lwv sxufkdvlqj srzhu1 sa @ s lpsolhv wkdw
wkh suhglfwhg sulfh zloo eh dv wkh dfwxdo sulfh1 Zkhq wkhuh lv pruh wkdq rqh gxudeoh
wkh udwlrqdo h{shfwdwlrqv frqglwlrq uhtxluhv ydoxhv iru hdfk gxudeoh dqg li zh ghvluh
wr uh hfw glhuhqw ohyhov ri xqfhuwdlqw| wklv fdq eh grqh e| sodflqj frqvwudlqwv vxfk
dv  / wkh h{shfwhg sulfh ri wkh mwk gxudeoh olhv zlwklq d udqjh s     
s . dqg d vxemhfwlyh suredelolw| glvwulexwlrq ryhu wkh udqjh lv vxssolhg dv frpprq
nqrzohgjh14<
Zh qrwh wkdw wkh frpelqdwlrq ri wkh udwlrqdo h{shfwdwlrqv wrjhwkhu zlwk wkh
lpsolflw qr edqnuxswf| odz lq wkh frqvwudlqw uhgxfhv wklv sureohp wr ehlqj lghqwlfdo
zlwk wkh prgho iru jrog zlwk n @ 3> n2 @ 3> n @ 4 dqg  A 31
Wkh frqfhsw ri hqrxjk dw prqh| fdqqrw eh ghqhg zlwkrxw vshfli|lqj wkh edqn0
uxswf| uxohv dqg wkh vdoydjh frqglwlrqv1 Exw rqfh erwk edqnuxswf| dqg vdoydjh
frqglwlrqv duh jlyhq wkhq dw ehfrphv dv jrrg dv jrog1
s
Wkh vroxwlrq wr wkh deryh prgho/ lq wkh fdvh zkhuh *+{> |, @ 5 {|/ lv jlyhq lq
Dsshqgl{ E1
4<
Uhqhphqwv ri wkh lqirupdwlrq vhw ri wkh vxemhfwlyh suredelolw| glvwulexwlrq pd| eh uhjdughg dv
uh hfwlqj h{shuwlvh1 Wklv zd| ri uh hfwlqj h{shuwlvh lv vxjjhvwhg lq Gxeh|/ Jhdqdnrsorv dqg Vkxeln
^43`1
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Wzr Wudghu W|shv wudglqj zlwk Ildw= Wkh Prgho zlwk d Fhqwudo
Edqn
D Vwudwhjlf Gxpp| Fhqwudo Edqn

Zh uvw frqvlghu dowuxlvwlf djhqf| ru vwudwhjlf gxpp| edqn zklfk kdv d {hg vwudw0
hj|> khqfh zh gr qrw hyhq qhhg wr dvfuleh d sd|r ixqfwlrq iru lw/ pxfk ohvv dwwulexwh
surw pd{lpl}dwlrq153
D vwudwhj| iru wkh W|sh 4 wudghuv lv dv ehiruh/ dqg lv ghqrwhg e| +g> t> e, zkhuh
g @ wkh dprxqw ri prqh| rhuhg lq wkh prqh| pdunhw/ t @ wkh dprxqw ri jrrg 4
rhuhg iru vdoh dqg e @ wkh dprxqw ri prqh| elg iru jrrg 51 Wkh qrwdwlrq iru wudghuv
 t> e, zkhuh g lv wkh dprxqw ri shuvrqdo LRX qrwhv elg iru wkh dw
ri W|sh 5 lv +g>
prqh| rhuhg e| wkh fhqwudo edqn154
Wkxv Wudghu W|sh 4*v rswlpl}dwlrq sureohp lv
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zlwk d vlplodu rswlpl}dwlrq iru wkh W|sh 5 wudghuv1 Wkh hqgrjhqrxv udwh ri lqwhuhvw
lv iruphg dv ehiruh=
g . g
4.@
j
zkhuh 3  j  P  5p lv wkh dprxqw ri prqh| rhuhg iru ordq e| wkh fhqwudo edqn
zkr frxog idfh rqh ri wzr rswlpl}dwlrq sureohpv
Frqwuroolqj wkh prqh| vxsso| Wkh lqlwldo hqgrzphqw ri wkh edqn lv +3> 3> P 
5p,1 Li wkh edqn zhuh qrw d gxpp| wkh vwudwhj| ri wkh edqn zrxog eh wr vhohfw d
qxpehu j/ zkhuh 3  j  P  5p @ E/ lq vxfk d pdqqhu wkdw lw rswlpl}hv vrph
zhoiduh ixqfwlrq ri wkh wudglqj hfrqrp|1 Khuh zh dvvxph lw kdv d {hg vwudwhj| zklfk
lv wr vlpso| ohqg rxw E qr pdwwhu zkdw wkh rwkhu sod|huv gr1
Zh vroyh wklv prgho frpsohwho| lq Dsshqgl{ E1
Wkh glvwlqfwlrq ehwzhhq wkh edqn frqwuro sureohp zlwk jrog dqg zlwk dw lv wkdw
wkhuh lv qr iruhjrqh orvv ri wkh frqvxpswlrq vhuylfhv frpsrqhqw ri wkh dw prqh| dv
wkhuh lv qr vhuylfhv frpsrqhqw wr orvh1 Iru wkh sdudphwhul}dwlrq ri n @ 3> n2 @ 3>
n @ 4/ wkh rqo| glhuhqfh ehwzhhq wkh wzr prghov lv wkh odfn ri frqvxpswlrq vhuylfhv
iru dw1 Li wkh jrog lv xvhg iru wudqvdfwlrqv lw ixoo| orvhv lwv frqvxpswlrq ydoxh/ exw
pdlqwdlqv lw li rqo| xvhg iru frqvxpswlrq1 Lq erwk lqvwdqfhv vrph lqvwlwxwlrqdo {
53

Lq lqvwlwxwlrqdo idfw fhqwudo edqnv kdyh riwhq pdgh d surw1
Lq dq hfrqrp| lqyroylqj vhyhudo shulrgv zh zrxog zlvk wr frqvlghu wkh fhqwudo edqn d erwk d
ohqghu dqg eruurzhu wkxv wkh vwudwhj| vhwv zrxog lqyroyh } dqg _ rq rqh vlgh dqg d pdwfklqj _ dqg
} rq wkh rwkhu1 Zh gr qrw ghdo zlwk wklv khuh1
54
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ri wkh Kdkq sdudgr{ pxvw eh surylghg1 Lq d rqh shuvrq jdph/ d vdoydjh ydoxh zloo
gr dqg lv uhdolvwlf zkhq wkh hpehgglqj lq wlph lv frqvlghuhg1 Wkh h{wudfwlrq ri wkh
rxwvlgh prqh| vxjjhvwhg lq d glvfxvvlrq ri qdqflqj wkh rdw ^66` dqg frqvlghuhg
lq wkh oljkw ri jdlqv wr wudgh ^<` surylghv d qdwxudo zd| wr lqwurgxfh d fhqwudo edqn
wr shuirup wklv ixqfwlrq1 Wkh lqwurgxfwlrq ri roljrsrolvwlf ru prqrsrolvwlf edqnhuv
zloo dovr vhuyh1 Li wkh fhqwudo edqn lv lqwurgxfhg/ li lw lv vwudwhjlfdoo| judqwhg wkh
uljkw ri lvvxh wkhuh lv qr fohdu sk|vlfdo phdqlqj wr wkh xsshu erxqg E rwkhu wkdq d
ohjdoo| ru vrflhwdoo| lpsrvhg olplw1 Dowkrxjk li 5p ri dw lv khog e| wkh sxeolf zh
fdq revhuyh wkdw wkh xsshu erxqg rq wkh ghew lvvxh ri wkh edqn iru dq|  pxvw eh
j @ 5p@1 Wkh ghvluhg eruurzlqj ri wkh wudghuv zloo krzhyhu eh ghwhuplqhg e| wkhlu
wudqvdfwlrqv qhhgv dqg wkxv wkh htxdwlqj ri wkh prqh| vxsso| dqg ghpdqg pd| eh
lqwhulru ru olh rq d erxqgdu|1
Li wkh edqn lv d vwudwhjlf gxpp| zh pd| dvvxph wkdw lq wkh lqvwdqfh ri xwlol}lqj
wkh prqh| vxsso| dv lwv vwudwhjlf yduldeoh lw lv frqvwudlqhg wr rhu E xqlwv ri prqh|
wr wkh ordq pdunhw=
Zh duh qrz lq d srvlwlrq wr frqvlghu wkh vlwxdwlrq zkhuh erwk wkhuh lv d vwudwhjlf
gxpp| fhqwudo edqn dqg h{shfwdwlrqv frqfhuqlqj wkh ixwxuh ydoxh ri prqh| h{lvw1
Vxssrvh  @ 4 dqg E . 5p @ d Zh rewdlq h!flhqf|/  @ 3/ t @ t @ d@5/ s @ s @ 4
dqg hdfk wudghu hqgv xs zlwk wkh vdph dprxqw p ri prqh| vkh vwduwhg zlwk1 Wkh
suhvhqfh ri wkh h{shfwdwlrqv ri wkh ixwxuh kdyh zhdnhqhg wkh srzhu ri wkh fhqwudo
edqn1 Wkh Dsshqgl{ iru wkh pruh jhqhudo fdofxodwlrqv lv lq Sduw 61
Frqwuroolqj wkh udwh ri lqwhuhvw Lqvwhdg ri xwlol}lqj wkh txdqwlw| ri prqh| dv
lwv frqwuro yduldeoh/ wkh edqn frxog xvh wkh udwh ri lqwhuhvw1 Wkh frqvwudlqw rq   3
jxdudqwhhv wkdw wkh edqn zloo qrw rshudwh dw d orvv1 Exw wkh xvh ri wkh udwh ri lqwhuhvw
zlwkrxw wkh vshflfdwlrq ri d erxqg rq edqn lvvxh surgxfhv dq hqgrjhqrxv ghpdqg
iru edqn ixqgv wkdw frxog eh xqerxqghg1
Dq dvlgh rq fohdulqj krxvhv/ fuhglw hydoxdwlrq dqg lqglylgxdo fuhglw Lq
doo ri wkh jdphv ghvfulehg vr idu/ zh h{shfwhg wkh sod|huv wr vwlfn wr wkh uxohv ri
prqhwdu| xvdjh1 Lq idfw/ iru wkh prvw sduw dq|rqh fdq wudgh zlwk dq|rqh lq pruh
ru ohvv dq| zd| wkdw wkh| zdqw1 Wkxv wkh delolw| ri dq| uxoh pdnlqj lv olplwhg e|
fxvwrp dqg lqglylgxdo dffhswdqfh1 Vrph |hduv djr/ rqh ri xv frlqhg wkh skudvh
pdwkhpdwlfdo lqvwlwxwlrqdo hfrqrplfv ^5<` wr uh hfw wkh lpsruwdqfh ri lqvwlwxwlrqdo
ghwdlo lq hfrqrplf g|qdplfv1 Wkhuh lv dqg vkrxog eh d ydvw olwhudwxuh rq lqwud0gd|
fuhglw duudqjhphqwv zklfk zh gr qrw fryhu khuh1 Wklv lv d }rqh zkhuh fxuuhqw wkh
plfur0plfur0ghwdlo qdqfldo sudfwlvhv lqwhuvhfw zlwk hfrqrplf wkhru|1
71715

H{shfwdwlrqv ru wkh Rxwvlgh Sdvvlyh EdqnB

Zh duh qrz lq d srvlwlrq wr frpphqw rq wzr frpsohwho| glhuhqw {hv iru wkh Kdkq
sdudgr{ dqg wr frpsduh wkhp1 Zlwk wkh fhqwudo edqn dorqh zh uhtxluh wkdw E $ 4
iru dq dssurdfk wr h!flhqf|1 Wklv lv qrw vr zlwk h{shfwdwlrqv1 Li h{shfwdwlrqv duh
vwdwlrqdu| wkhq lq d vwdwlrqdu| vwdwh wkh edqn zloo eh deoh wr rhu qrq0lq dwlrqdu|
qdqflqj dw zkdwhyhu wkh qdwxudo glvfrxqw udwh lq d +qrqvwrfkdvwlf, hfrqrp| kdsshqv
57

wr eh> wkh lqmhfwlrq ri rxwvlgh prqh| qdqfhv wkh rdw dqg wkh h{shfwdwlrqv lqgxfh
wkh fduu| iruzdug ri wkh {hg dprxqw ri rxwvlgh prqh|1
71716

D Surw Pd{lpl}lqj Prqrsrolvwlf EdqnB

Vxssrvh zh jlyh prvw ri wkh phdqv ri sd|phqw wr d sulydwh lqglylgxdo1 Zh dvvxph
hqgrzphqwv ri wkh wzr shulvkdeohv dv ehiruh/ krzhyhu d wklug w|sh ri djhqw/ wkh
prqh| ohqghu kdv ehhq lqwurgxfhg1 Wkh prqh| ohqghu lv d surw pd{lpl}hu zkr zloo
frqvxph uhdo uhvrxufhv dqg wkxv surylgh d phdvxuh ri wkh zruwk ri wudqvdfwlrqv lq
whupv ri uhvrxufhv h{wudfwhg1
Dv ehiruh/ wkh wzr w|shv ri wudghuv kdyh v|pphwulf hqgrzphqwv ri +d> 3> p, dqg
+3> d> p,1 Zh lqwurgxfh d prqh| ohqghu zlwk uhvrxufhv +3> 3> E,/ zkhuh wkh wrwdo
dprxqw ri prqh| lq wkh v|vwhp lv P @ E . 5p=
D gljuhvvlrq rq fxuuhqf|/ uhsxwdwlrq dqg fuhglw Ehiruh dqdo|}lqj wklv prgho
zh qrwh wkdw wkh lqlwldo frqglwlrqv frxog kdyh d pl{ ri fxuuhqflhv1 Rqh fxuuhqf|
frxog eh wkh iuhh lvvxh ri jryhuqphqw dw lq wkh kdqgv ri wkh sxeolf dqg dqrwkhu/ wkh
rxwvwdqglqj sdshu iurp wkh phufkdqw edqnhuv vwruh uhghhpdeoh dw klv vwruh lq vrph
irup ri ydoxh uhfhlyhg vxfk dv frhh/ ehdqv ru dw1 Wkh rxwvlgh fxuuhqf| grhv qrw
qhhg dq rxwvlgh edqn1 Lw qhhgv wr eh krqruhg e| doo lq dffhswdqfh/ uhfrjqlwlrq/ wuxvw
dqg hqirufhphqw dqg lw qhhgv d prqrsrolvw lq frqwuro wr jxdudqwhh wkdw wkhuh lv d
vkruwdjh1
Lq d jdph zkhuh wkhuh lv qr iuhh ulgh iru wkh edqnhu/ wkh dfwlrqv ri wkh edqnhu
pxvw eh frqvwudlqhg vr wkdw kh fdqqrw vshqg pruh wkdq wkh uhyhqxhv kh qhwv iurp
ohqglqj prqh|1
Zlwk wklv frqglwlrq li kh frqwurov pxfk ri wkh prqh| vxsso| kh fdq h{wudfw uhdo
uhvrxufhv iurp wkh hfrqrp|1 Frqvhuydwlrq lv suhvhuyhg e| wkh idfw wkdw wkh lqvlgh
edqnhu frqvxphv wkh uhvrxufhv dqg wkh lpdjlqdu| dvvhwv/ wkh dw prqh| dqg wkh
flufxodwlqj phufkdqw edqn ghew khog e| wkh sxeolf/ ehlqj xvhg dv d phdqv ri sd|phqw
khog glvdsshduv dw wkh hqg ri wkh shulrg lqwr wkh edqn1 Wkh ydoxh ri wkh wudqvdfwlrqv
whfkqrorj| lv jlyhq e| wkh zruwk ri uhvrxufhv wkdw wkh prqrsrolvw edqnhu fdq h{wudfw1
Wklv lv/ lq wxuq uh hfwhg lq wkh wuxvw dqg fxvwrp ohyhov ri wkh vrflhw|/ zkhuh lqglylgxdov
zrxog dedqgrq wkh fxuuhqf| li wkh| ihow wkdw wkh| zhuh ehlqj xqidluo| wd{hg1
Wkh irupdo prgho uhvxphg Zh irupxodwh wkh vlpsohvw prgho zkhuh wkhuh lv mxvw
wkh rxwvlgh dw lq flufxodwlrq1
D vwudwhj| iru wkh W|sh 4 wudghuv lv ghqrwhg e| +g> t> e, zkhuh g @ wkh dprxqw ri
prqh| rhuhg lq wkh prqh| pdunhw t @ wkh dprxqw ri jrrg 4 rhuhg iru vdoh dqg e @
 t> e,
wkh dprxqw ri prqh| elg iru jrrg 51 Wkh qrwdwlrq iru wkh W|sh 5 wudghuv lv +g>
zkhuh g lv wkh dprxqw ri shuvrqdo LRX qrwhv elg iru wkh shuvrqdo prqh| rhuhg e|
wkh prqh| ohqghu1
Wkxv iru W|sh 4 zh frqvlghu
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Wkh hqgrjhqrxv udwh ri lqwhuhvw lv iruphg dv ehiruh=
4.@

g.g
=
j

zkhuh 3  j  5p lv wkh dprxqw ri prqh| rhuhg iru ordq e| wkh prqrsrolvwlf prqh|
ohqghu1 Wkh ohqghu*v sureohp lv
 W W
e e2

>
s s
v1w1 j  eW  eW2  3
zkhuh 3  j  E> eW > eW2  3=
pd{ *

W
KW
 cK2 c}

+W ,

+7:,
+7;,

Wklv frqvwudlqw uhtxluhv wkdw wkh prqrsrolvwlf edqnhu fdqqrw vshqg pruh wkdq
klv surwv1
Wkh edqnuxswf| odz fdq eh lqwhusuhwhg dv lpsolflwo| lqfoxghg lq wkh qrq0qhjdwlylw|
frqvwudlqw rq wkh qdo exgjhwv ri wkh wudghuv1 Zh gr qrw qhhg d udwlrqdo h{shfwdwlrqv
frqglwlrq zklfk zrxog kdyh xv vhw wkh dssursuldwh sulfh iru d ohiw ryhu gxudeoh jrog
ehfdxvh wkhuh lv qr uhdo gxudeoh lq wklv prgho1 Wkh ixoo dprxqw ri prqh| lq wklv
v|vwhp lv d fwlrq dv wkh edqn fdq zulwh lwv rzq sdshu/ srvvleo| xs wr vrph erxqg
E lpsrvhg e| odz ru fxvwrp ru lqwulqvlf lq wkh g|qdplfv exw wkh frpelqdwlrq ri wkh
qr edqnuxswf| frqvwudlqw dqg qrw ehlqj shuplwwhg wr vshqg pruh wkdq lwv errnhg
surwv edodqfhv wkh errnv1
Txdolwdwlyho| wkh ghwdlov ri d vroxwlrq wr wklv prgho duh dorqj wkh olqhv ri wkh
prgho ri wkh prqrsrolvwlf edqn suhvhqwhg lq Sduw 41 Wkh dqdo|vlv lv frqvlghuhg lq
Sduw 61
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D Gljuhvvlrq rq Edqnuxswf|

Lq lqvwlwxwlrqdo idfw wkh edqnuxswf| odzv duh qrw fkdqjhg gdlo| e| dq doo0vhhlqj jry0
huqphqw zkr nqrzv krz wr vroyh d pdpprwk jhqhudo vwrfkdvwlf vwudwhjlf pdunhw
jdph1 Wkh odz lv krshixoo| jrrg hqrxjk dqg/ lq d zruog zlwk xqfhuwdlqw| vkrxog
dffrpprgdwh wr d srvlwlyh ohyho ri edqnuxswf| +vhh Gxeh|/ Jhdqdnrsorv dqg Vkxeln
^44`/ Vkxeln ^67`/ Fkv1 44/ 45,1 Dq dghtxdwh glvfxvvlrq ri wkh vwuxfwxuh ri edqn0
uxswf| frqfhuqv lwv wuhdwphqw dv d sxeolf jrrg dqg lwv uhodwlrqvkls wr vrflhw|*v ulvn
surshqvlw| iru lqqrydwlrq1 Wklv lv qrw ghdow zlwk khuh1
Wkhuh duh wzr lpsruwdqw glvwlqfwlrqv lq wkh wuhdwphqw ri edqnuxswf| zklfk looxv0
wudwh d glhuhqfh erwk lq hfrqrplf dqdo|vlv dqg lq dgplqlvwudwlyh dqg lqirupdwlrqdo
uhdolw|1 Li zh frqvlghu d exgjhw frqvwudlqw vxfk dv=
g
 e . st  g  3
4.
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+,

+7<,

zkhuh zh wuhdw  dv d Odjudqjldq yduldeoh/ lq hvvhqfh zh duh rhulqj dq lpphgldwh
dgmxvwphqw ri wkh edqnuxswf| shqdow| wr wkh dfwlrqv lq wkh hfrqrp|1 E| grlqj vr
zh dyrlg wkh krvw ri dqdo|wlfdo/ frpsxwdwlrqdo/ lqirupdwlrqdo dqg dgplqlvwudwlyh
gl!fxowlhv1 Dq dowhuqdwlyh zd| wr lqwurgxfh d edqnuxswf| shqdow| lv wr frqvlghu wkdw
 lv d vrflhwdoo| ohjdoo| {hg sdudphwhu/ vd| W > zklfk lv dgmxvwhg hyhu| ihz ghfdghv
e| vrflr0ohjdo surfhvvhv1 Lq vxfk dq lqvwdqfh zh uhsodfh frqvwudlqw +, e| vxewudfwlqj
iurp wkh wudghuv* remhfwlyhv d shqdow| ixqfwlrq ri wkh irup=55
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Dq hfrqrp| lv hpehgghg lq lwv srolw| dqg vrflhw|/ wkxv lq vslwh ri wkh dhvwkhwlf ds0
shdo ri d prgho ri h{fkdqjh vxfk dv wkh jhqhudo htxloleulxp irupxodwlrq/ lw lv iuxlwixo
wr vhhn irupxodwlrqv dw d kljk ohyho ri devwudfwlrq/ zkhuh rxwvlgh sdudphwhuv frqqhfw0
lqj qdwxudoo| wr wkh srolw| dqg vrflhw| w/ zlwkrxw dwwhpswlqj wr qg d suhpdwxuh
hqgrjhql}dwlrq ri wkhvh sdudphwhuv1 Wklv lv hvshfldoo| wuxh zkhq zh revhuyh wkdw wkh
g|qdplfv ri wkh vrflhw|/ srolw| dqg hfrqrp| whqg wr eh rq frqvlghudeoh glhuhqw wlph
vfdohv1

8

Wudgh zlwk Ildw dqg Ghprqhwl}hg Jrog/ wkh Uroh ri
H{shfwdwlrqv

Wkh prghov zlwk jrog dqg wzr frqvxpdeohv kdyh rqo| rqh uhdo gxudeoh dqg wkdw
gxudeoh zdv wkh prqh| Wkh prghov zlwk dw dqg wzr frqvxpdeohv kdyh rqo| rqh
huvdw} ru frqvwuxfwlyh gxudeoh dqg wkdw lv wkh dw prqh| zklfk zh pd| ghvwur|
e| wkh edfnzdug rshudwlrq ri ghew1 Wkh jrog krzhyhu lv qrw ghvwur|hg exw li lw kdv
d prqhwdu| vdoydjh ydoxh ri vd|/  wkhq wkh vxuylylqj dvvhw fdq dovr eh xwlol}hg wr
h{wlqjxlvk ghew1
Vxssrvh wkdw rxu vlpsoh hfrqrp| zdv xvlqj jrog dv lwv prqh| dqg qrz vzlwfkhv
iurp jrog wr dw1 Wklv hfrqrp| lv qrz lv wudglqj lq irxu frpprglwlhv> wzr shulvkdeoh
frqvxpdeohv/ rqh gxudeoh dqg rqh frqvwuxfwlyh gxudeoh1 Zh vhw xs wkh pdunhw wudgh
prgho zlwkrxw qdqfldo lqvwlwxwlrqv dv d ghprqvwudwlrq ri wkh qdwxuh ri wkh fkdqjh
lq wkh ghprqhwl}dwlrq1 Zh frqvlghu wzr w|shv ri wudghuv wudglqj lq wkuhh jrrgv/
hdfk zlwk wkh vdph xwlolw| ixqfwlrq *+{> |, . }/
b zkhuh }b vwdqgv iru wkh frqvxpswlrq
vhuylfhv ri wkh dvvhw1 Wkh wudghu w|shv duh glvwlqjxlvkhg e| wkhlu hqgrzphqwv ri
+d> 3> ^f> f`>
b ^p> p`,
b dqg +3> d> ^f> f`>
b ^p> p`,1
b
Dv ehiruh wkhuh lv d frqwlqxxp ri hdfk wudghu w|sh1 D jhqhudo vwudwhj| ri wkh
W|sh 4 wudghuv lv ghqrwhg e| +t > e , zkhuh t @ wkh dprxqw ri jrrg m +m @ 4> ===> 6,
rhuhg iru vdoh dqg e @ wkh dprxqw ri dw elg iru jrrg m1 Wkh qrwdwlrq iru d w|slfdo
wudghu ri W|sh 5 lv +
t > e ,1 Zh lqwurgxfh wkh glvwlqfwlrq ehwzhhq wkh frpprglwlhv
jrog dqg dw dqg wkh vwuhdp ri vhuylfhv wkh| |lhog1 Jlyhq wkh h{lvwhqfh ri f xqlwv ri
Dowkrxjk wkh sdudphwhu >W pd| vhhp vrphzkdw deuxsw dqg qrw dv qlfh dv d vprrwko| dgmxvwlqj
Odjudqjldq/ lq lqvlwxwlrqdo idfw wkhuh duh rqo| d ihz djjuhjdwh sdudphwhuv iru edqnuxswf|> exw wkh
pruh ru ohvv vprrwkqhvv eh lw h!flhqw ru lqh!flhqw lv wdnhq fduh ri e| wkh odz|huv/ dffrxqwdqwv
dqg frxuwv zkr shuvrqdol}h wkh kljko| djjuhjdwhg sdudphwhuv1
55

5:

wkh dvvhw dqg wkh rz udwh ri fb xqlwv ri lwv vhuylfhv/ zh qrwh wklv rzqhuvkls e| ^f> f`1
b
Zh kdyh fkdqjhg qrwdwlrq voljkwo|/ ghqrwlqj wkh dprxqw ri jrog e| f udwkhu wkdq e|
p lqglfdwlqj wkdw lw lv qr orqjhu wkh prqh|1 Zh ghqrwh wkh dprxqw ri dw e| p=
Dv rxu sxusrvh lv wr txdolwdwlyho| lqglfdwh wkh qhz skhqrphqrq lqwurgxfhg e| wkh
ghprqhwl}dwlrq zh sxusrvho| vwd| zlwk d kljko| v|pphwulf h{dpsoh1
Dv qrwhg suhylrxvo| zh pxvw lqglfdwh zkr jhwv wr xvh wkh vhuylfhv ri wkh dvvhw dqg
krz wkh dvvhw lv hydoxdwhg dw wkh hqg1 Krzhyhu zh qrz pxvw eh fduhixo frqfhuqlqj
vhuylfhv1 Suhylrxvo| prqhwdu| jrog kdg wkuhh ydoxhv= +4, lwv frqvxpswlrq xvh dv/
mhzhou|> +5, lwv wudqvdfwlrqv xvh dv d prqh|> dqg +6, wkh vdoydjh ydoxh ri wkh dvvhw1
Qrz lw rqo| kdv wzr ydoxhv dv lw kdv ehhq ghprqhwl}hg1 Wkh dw kdv wzr ydoxhv=
+4, lwv wudqvdfwlrqv xvh dv d prqh| dqg +5, wkh vdoydjh ydoxh ri wkh dvvhw1
Wkh W|sh 4 wudghuv dwwhpsw wr pd{lpl}h=56


e2
pd{ * d  t >
^ cK
s2
3

.  Cp .

[
 '

v1w1 p 
3

[
 '



#

eb
. fn
b 2 . +n  n2 , +fb  tb , . +4  n , fb .
 tb
s

s t 

[
 '

4



e
f.
t
s

e D . 



+84,

e  3

 Cp .

[
 '

$

+85,

s t 

[
 '

4

e D  3 dqg 



f.

e
t
s



3  t  d> 3  t2  d> 3  t  f> e > e2 > e  3

3

+86,
+87,

zkhuh n2 lv wkh shufhqwdjh ri wkh shulrg ehiruh wkh jrrgv pdunhw rshqv/ n  n2 lv
wkh shufhqwdjh wlph vshqw gxulqj wkh pdunhw zkhuh wkh frqvxpswlrq vhuylfhv xvh ri
wkh jrog lv orvw/ dqg 4  n lv wkh shufhqwdjh ri wlph diwhu wkh pdunhw zkhuh wkh
frqvxpswlrq vhuylfhv xvh ri jrog khog e| wkh qdo rzqhu ri wkh dvvhw lv uhdol}hg1 Qr
vhuylfhv orvv ri wkh frqvxpdeohv lv hqfrxqwhuhg dv wkh| fdq eh frqvxphg dw d srlqw
dq|wlph gxulqj wkh shulrg +dqg duh qrw orvw xqohvv wkh wudglqj shulrg lv ri ohqjwk
^3> 4`,1 D vlplodu rswlpl}dwlrq sureohp krogv iru wkh W|sh 5 wudghuv1
56
Lq wkh suhylrxv h{dpsohv rxu uhdvrqv iru vhohfwlqj jrog dv dsshdulqj lq wkh xwlolw| ixqfwlrq dv
d olqhdu vhsdudeoh whup zhuh wzr irog1 Iluvw dqg iruhprvw lw zdv wr pdnh wkh frpsdulvrq ehwzhhq
jrog dqg dw dv prqlhv> vhfrqg lw pdnhv wkh fdofxodwlrqv idu hdvlhu dqg pruh wudqvsduhqw1 Iru wkh
vlpsoh srlqw derxw h{shfwdwlrqv dqg vdoydjh ydoxhv zlwk qr h{wud gl!fxow| zh frxog frqvlghu d xwlolw|
ixqfwlrq ri wkh irup
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uhtxlulqj rqo| wkdw wkh pdujlqdo xwlolw| ri wkh vhuylfhv ri jrog eh srvlwlyh lq wkh zkroh grpdlq1

5;

Sulfhv duh iruphg dv ehiruh/ exw qrz wkhuh duh wkuhh sulfhv=
s @

e . e
> m @ 4> 5> 6
t . t

+88,

zkhuh/ lq hdfk lqvwdqfh e t @ e t @ 3 Wklv lv d qr zdvk vdohv frqglwlrq157
Zlwkrxw fdofxodwlqj zh pd| looxvwudwh wkh ixqgdphqwdo uroh wkdw h{shfwdwlrqv
pxvw sod|1 Zkhq wkh h{shfwhg ydoxhv ri wkh wzr gxudeohv +jrog dqg dw, duh }hur/
wkhuh lv qr wudgh1 Zkhq wkh h{shfwhg vdoydjh ydoxh sulfhv duh vhw dw  @ 4 dqg
 @ sa dqg lw wxuqv rxw wkdw wkh dfwxdo sulfh s lv htxdo wr sa / l1h1/ wkh h{shfwhg
dqg iruphg sulfhv pdwfk1 Zh zrxog kdyh d qrqlq dwlrqdu| vroxwlrq lq zklfk li
p @ d wkhuh lv hqrxjk prqh|/ dqg li f  d/ wkhuh zrxog eh hqrxjk +li lw zhuh khog
dssursuldwho|, iru d 433( jrog edfnhg fxuuhqf| zkhuh doo ri wkh jrog lv qhyhuwkhohvv
xvhg iru frqvxpswlrq1

9

Fohdulqjkrxvhv/ Fuhglw dqg Frqwuro

Wklv fdvh frqwudvwv gluhfwo| zlwk wkh prgho lq Vhfwlrq 514 dqg vwuhvvhv wkh lpsruwdqfh
ri wkh h{shfwdwlrqv ydoxdwlrqv1

914

Vrph Frpphqwv rq wkh Wudglqj Vwuxfwxuh

Lq doo ri wkh prghov suhvhqwhg khuh dqg lq Sduw 4/ wudqvdfwlrqv wdnh wlph dqg pd| xvh
uhvrxufhv1 Doo lqglylgxdov duh orfnhg lq wr xvlqj wkh slhfhv ri sdshu ru flskhuv zklfk
duh ghqhg dv phdqv ri sd|phqw lq wkh jdph1 Exw dowkrxjk wkh xvh ri d vshflhg
phdqv ri sd|phqw lq d fodvvurrp jdph lv jlyhq e| wkh uhihuhh hqiruflqj wkh uxohv
dv lq d Prqrsro| jdph/ lq dq dfwxdo hfrqrp| zkhq wkh sulfh ri wkh jryhuqphqw
hqirufhg fuhglw duudqjhphqwv ehfrph wrr kljk/ dowhuqdwlyh phdqv duh vrxjkw1 Lq
sduwlfxodu qhwwlqj duudqjhphqwv ehwzhhq zhoo nqrzq wudghuv fdq hdvlo| uhsodfh fdvk1
Ixuwkhupruh qhz pdunhwv vsulqj xs1 Qhz lqvwuxphqwv duh lqyhqwhg1 Ohjdo/ vrfldo
dqg whfkqrorjlfdo fkdqjh lq xhqfh wkh frvwv ri uxqqlqj d wudglqj whfkqrorj|1 Pdunhw
phhwlqj iuhtxhqflhv dqg krxuv ri wudgh duh doo lq x{1
Hyhq lq d sd|phqwv prghov dv vlpsoh dv wkh rqhv frqvlghuhg khuh/ dvvxplqj d {hg
wudglqj whfkqrorj| lqglylgxdo lqirupdo dqg irupdo h{fkdqjh uhodwlrqv fdq flufxpyhqw
wkh irupdo wudglqj uhodwlrqv dqg fkdqjh erwk wkh yhorflw| dqg yroxph ri wudqvdfwlrqv1
Dw ehvw d jryhuqphqw*v frqwuro ryhu sulfhv/ wkh yhorflw| dqg wkh yroxph ri wudgh lv
olplwhg1
Lq wkh uhpdlqlqj prghov zh duh frqfhuqhg rqo| zlwk hfrqrplhv xvlqj d dw ru
v|perolf prqh|1
57

Dw wklv ohyho ri prgholqj wkh skhqrphqrq ri zdvk vdohv zkhuh rqh erwk vlpxowdqhrxvo| vhoov dqg
ex|v edfn dq lwhp lv uxohg rxw li wkhuh lv d frqwlqxxp ri djhqwv1 D pruh frpsoh{ prgho lv uhtxluhg
zlwk qrqv|pphwulf lqirupdwlrq wr fdwfk wkh dfwxdo xvh ri zdvk vdohv1

5<

915

Yduldwlrqv rq wkh Ilvkhu Htxdwlrq= ST @ PY

Lq wkh fodvvlfdo Fdpeulgjh0Fdpeulgjh frqwuryhuv| +vhh iru h{dpsoh/ Prgljoldql ^59`,1
Wkh sulvwlqh vlpsoh sk|vlfv0olnh Ilvkhu htxdwlrq kdv ehhq frqvlghuhg lq pdq| zd|v1
Xwlol}lqj wkh vwuxfwxuh ri vwudwhjlf pdunhw jdphv zh duh qrz lq d srvlwlrq wr uhylvlw
wklv htxdwlrq lq d vrphzkdw pruh suhflvh plfur0hfrqrplf prgholqj irup surylghg
e| wkh prghov frqvwuxfwhg deryh1 D uhdvrqdeo| frpsohwh wuhdwphqw ri wklv wrslf
uhtxluhv prghov zlwk vhyhudo dowhuqdwh pdunhwv zlwklq wkh vdph shulrg/ lq rughu wr
uh hfw yhorflw| dv d vwudwhjlf fkrlfh158 Rxu frqfhuq khuh lv uhvwulfwhg wr d rqh shulrg/
rqh jrrgv pdunhw vwuxfwxuh1
Hyhq zlwkrxw jrlqj lqwr pdwkhpdwlfdo ghwdlo lw lv xvhixo wr xwlol}h d vkruwkdqg
ru v|perolf ghvfulswlrq ri d vwudwhjlf pdunhw jdph zlwk d jlyhq wudqvdfwlrqv dqg
qdqfldo vwuxfwxuh1 Wkxv zh xvh +*> d> pm , wr vwdqg iru wkh jdph zlwk Q w|shv ri
djhqwv zlwk xwlolw| ixqfwlrqv/ * dqg hqgrzphqwv ri jrrgv dqg rxwvlgh prqh| +d> p,
hpehgghg lq d wudqvdfwlrqv dqg qdqfldo vwuxfwxuh  =
Ohw  vwdqg iru d vwrudeoh frqvxpdeoh fdvk ex|0vhoo hfrqrp| zkhuh wkh pdunhw
phhwv rqfh1 Lq vxfk dq hfrqrp| +*> d> pm ,
S T @ PY lv prglhg wr S T  P

+89,

dv lq d rqh pdunhw shulrg zruog zlwkrxw dq| irup ri edqnlqj ru prqh| pdunhw wkh
yhorflw| lv dw prvw rqh/ exw wkhuh frxog eh d krduglqj ru vwrudjh ri wkh eduoh|/ ehdqv
ru vdow/ lq zklfk lqvwdqfh wkh yhorflw| zrxog eh ohvv wkdq rqh1
Vxssrvh 2 vwdqgv iru wkh vhoo0doo vwuxfwxuh exw lv rwkhuzlvh wkh vdph1 Lq +*> d> pm2 ,
wkh T kdv ehhq frqvlghudeo| hqodujhg wr lqfoxgh doo dvvhwv h{fhsw wkh prqh|1
Ohw  vwdqg iru d dw fdvk ex|0vhoo hfrqrp| zkhuh wkh jrrgv pdunhw phhwv rqfh
exw wkhuh lv dq rxwvlgh edqn zklfk duudqjhv iru ordqv dqg zklfk phhwv rqfh dqg
suhfhghv wkh jrrgv pdunhw 1 Lq vxfk dq hfrqrp| +*> d> pm , Lq vxfk dq hfrqrp|
S T @ PY lv prglhg wr S T @ P . j=

+8:,

Ohw e vwdqg iru d jrog fdvk ex|0vhoo hfrqrp| zlwk vdoydjh ydoxh  @ 3 zkhuh wkh
jrrgv pdunhw phhwv rqfh dqg +n @ n2 @ n @ 3, Wklv phdqv wkdw wkh prqh| pdunhw
phhwv dw wkh vwduw ri wkh shulrg dqg wkh jrrgv pdunhw phhwv lpphgldwho| diwhu dqg doo
vhwwohphqw wdnhv sodfh lpphgldwho| diwhu wkdw phhwlqj1 Ixuwkhupruh wkhuh lv suhflvho|
hqrxjk prqh| lq wkh hfrqrp| iru h!flhqw wudgh exw lw lv edgo| glvwulexwhg1 Lq vxfk
dq hfrqrp| +*> d> pme , wkh dprxqw ri prqh| uhtxluhg iru wkhuh wr eh hqrxjk lv dv
wkrxjk wkh jrog zhuh d vwrudeoh frqvxpdeoh1 Wkh hqgrjhqrxv udwh ri lqwhuhvw zloo eh
@3
S T @ PY lv prglhg wr S T @ P=
+8;,
Wklv ghvfulehv wkh yhorflw| ri prqh| lq wkh jrrgv pdunhw1 Exw wkhuh zloo dovr eh d
yhorflw| lq wkh prqh| pdunhw jlyhq e| +p  p2 ,@5P zkhuh p A p2 duh wkh lqlwldo
kroglqjv ri wkh wzr w|shv ri wudghuv dqg p . p2 @ P +vhh Sduw 4/ Vhfwlrq 71614,1
Wkhvh ihz h{dpsohv duh jlyhq phuho| lq rughu wr lqglfdwh wkdw lw lv qhfhvvdu| dqg
ihdvleoh wr ghyhorsh d vfkhph wr fodvvli| dqg vshfli| pdunhw vwuxfwxuhv wr uh hfw wkhlu
58

Wklv zdv grqh lq sduw e| Gxeh|/ Vdkl dqg Vkxeln ^45`1

63

qhhg iru prqh| ru wuxvw1 Wkh frqfhsw ri hqrxjk prqh| fdq eh pdgh phdqlqjixo
dqg fdq eh fdofxodwhg exw zlwk frqvlghudeoh vshflfdwlrq1

916

Fohdulqjkrxvhv/ Ildw/ Fuhglw dqg Fuhglw Hydoxdwlrq
Lq Xwrsld doo juhhg iru prqh| zdv hqwluho| uhpryhg zlwk wkh xvh ri prqh|1
Zkdw d pdvv ri wurxeohv zhuh wkhq fxw dzd|$111 Zkr grhv qrw nqrz wkdw
ihdu/ dq{lhw|/ zruulhv/ wrlov dqg vohhsohvv qljkwv zloo dovr shulvk dw wkh vdph
wlph dv prqh|B Zkdw lv pruh/ sryhuw|/ zklfk dorqh prqh| vhhphg wr
pdnh srru/ iruwkzlwk zrxog lwvhoi gzlqgoh dqg glvdsshdu li prqh| zhuh
hqwluho| grqh dzd| zlwk hyhu|zkhuh1
Wkrpdv Prruh/ Xwrsld/ Errn LL/ s1 47<

Zh frqfoxgh rxu vhtxhqfh ri prghov zlwk d qdo prgho1 Zh kdyh surjuhvvhg iurp
d vwrudeoh frqvxpdeoh prqh| +vxfk dv wkh eduoh| ri Phvrsrwdpld ru fdqv ri ehdqv,
wr d frqvxphu gxudeoh prqh| +vxfk dv jrog, dqg wkhqfh wr d sdshu prqh| edfnhg
lq pdq| glhuhqw zd|v +jrog lq Iruw Nqr{/ frqyhqwlrq/ odz/ h{shfwdwlrqv/ ghew wr eh
uhsdlg dqg edqnuxswf| shqdowlhv,1 Wkh odvw vwdjh lv uhtxluhg wr wdnh xv edfn wr wkh
vxeolph htxloleulxp zlwk qr zruulhv/ qr wlph/ qr frqvwudlqwv rq wkh v|vwhp dqg qr
rxwvlgh prqh| zkdwvrhyhu1
Zh frqvlghu dq hfrqrp| zlwk wzr w|shv ri wudghuv/ d surw pd{lpl}lqj prqrsrolvw
edqnhu/59 dqg dq lqlwldo vxsso| ri rxwvlgh dw prqh|1
Dv lq Vhfwlrq 51514 zh frqvlghu d vlwxdwlrq zkhuh wkh qdqfldo pdunhw phhwv wr
hvwdeolvk eruurzlqj dqg ohqglqj iru wkh shulrg/ diwhu zklfk wkh wudgh pdunhwv phhw
dqg fohdu ehiruh ru diwhu wkh hqg ri wkh shulrg1 Lq rughu wr eh frpsohwho| vshflf zh
uhvruw wr wkh sursrvlwlrq wkdw wkh qdqfldo pdunhwv phhw dw wkh vwduw ri wkh shulrg
dqg hqjdjh lq hvwdeolvklqj d vlqjoh lqwhugd| ordq zklfk lv sdlg edfn dw wkh vwduw ri
qh{w shulrg1 Wkh wudgh pdunhwv rshq iru vrph krxuv lq wkh plggoh ri wkh shulrg dqg
doo vhwwohphqw wdnhv sodfh lpphgldwho| diwhu wkh| forvh1
Zh dgg d fohdulqjkrxvhv d fuhglw hydoxdwlrq djhqf| dqg wkh frxuwv wr frpsohwh
wkh pdunhw vwuxfwxuh dv lv vkrzq lq Iljxuh 71
59
Wkhuh duh dw ohdvw hljkw uhdvrqdeoh prghov zklfk fdq eh pdwkhpdwlfdoo| vshflhg/ lqyroylqj d
sulydwh ru d sxeolf edqn1
Irxu fdvhv lqyroyh wkh fkrlfh ri +4, d sxeolf edqn/ +5, d surw pd{lpl}lqj prqrsrolvw edqn
lqglylgxdoo| khog +6, d surw pd{lpl}lqj prqrsrolvw edqn rzqhg e| vwrfnkroghuv/ +6, dq ryhudoo
xwlolw| pd{lpl}lqj prqrsrolvw edqn1
Wkhvh irxu fkrlfhv duh pxowlsolhg e| wzr1 Wkh vwudwhjlf dowhuqdwlyhv duh fkrlfh ri wkh udwh ri lqwhuhvw
ru txdqwlw| ri prqh| dv wkh vwudwhjlf yduldeoh1
Zh olplw rxu dqdo|vlv wr rqh ri wkh prghov dv wkh hvvhqwldo ghprqvwudwlrq ri wkh glvdsshdudqfh ri
rxwvlgh prqh| fdq eh ghprqvwudwhg zlwk dq| ri wkh prghov1
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Iljxuh 7
Ehiruh zh suhvhqw wkh irupdo v|perolf prgho dq lqwhusuhwdwlrq ri Iljxuh 7 lv
jlyhq1 Wkh wudghuv kdyh jrrgv dqg d fhuwdlq dprxqw ri fdvk ru dw prqh|1 Zh orrn
xsrq wkhp dv d frpsrvlwh ri wzr lqglylgxdov/ frqvxphuv dqg wudghuv1 Wkh| lqirup
wkh fuhglw hydoxdwlrq djhqf| ri wkhlu wrwdo kroglqjv1 Wkh fuhglw djhqf| lqirupv wkh
edqnv derxw shuvrqdo fdvk srvlwlrqv dqg wkh fohdulqjkrxvh derxw jrrgv iru vdoh dqg
lwv hvwlpdwh ri zkdw wkh| duh zruwk1 Wkh edqnv lvvxh rqh shulrg ordqv dqg wkh
fohdulqjkrxvh h{whqgv fohdulqjkrxvh fuhglwv1 Wkh wudghuv pd| jr wr wkh edqn15: Dw
wkh edqn wkh| fdq h{fkdqjh wkhlu LRX qrwhv iru wkh edqn*v prqh|1 Wkh| duh uhtxluhg
wr uhghhp wkhlu LRX qrwhv dw wkh vwduw ri wkh qh{w shulrg zlwk zkdwhyhu lqwhuhvw
sd|phqwv surplvhg1
Wkh fohdulqjkrxvh jlyhv hdfk djhqw d fuhglw olqh edvhg rq wkuhh sdudphwhuv1 Wkh|
duh wkh dvvhvvphqw ri wkh ydoxdwlrq ri sulfhv vxssolhg e| wkh fuhglw djhqf|/ zklfk zh
fdoo sa dqg sa dqg wkh ydoxdwlrq ri wkh lqglylgxdov dvvhwv zklfk zloo dfw dv vhfxulw|5;
zklfk zh fdoo d
a dqg d
a Wkh fohdulqj krxvh h{whqgv d fuhglw wr wkh lqglylgxdo edvhg
rq d kdlufxw ri lwv fuhglw lqirupdwlrq1 Zh fdoo wkh kdlufxw ru fuhglw olplw  zkhuh
5:
Lq wklv vlpsoh rqh shulrg prgho wklv pd| eh wkh jryhuqphqw edqn ru d sulydwh prqrsrolvw edqn
zlwk wkh vdph srzhuv ri lvvxh dv wkh fhqwudo edqn1
5;
Hyhq khuh dqrwkhu qdvw| lqvwlwxwlrqdo dqg whfkqrorjlfdo idfw hqwhuv lqwr rxu prgholqj1 Li wkh
jrrgv iru vdoh duh dq rxqfh ri fdyldu zklfk fdq eh hdwhq ehiruh wkh edlolv forvh lq wkh vhfxuhg ordq
dvshfwv ri wkh fdyldu duh vrphzkdw ohvv wkdq dq lppryhdeoh gxudeoh vxfk dv dq dfuh ri sulph odqg1
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wkh fuhglw olqh h{whqghg e| wkh fohdulqjkrxvh wr d wudghu ri W|sh 4 lv a
st15< Li wkh
fohdulqjkrxvh pdqdjhuv eholhyh wkh vhfxulw| dvvhvvphqw lv frpsohwho| dffxudwh dqg
idfh qr h{shqvhv ru xqfhuwdlqwlhv wkh  frxog eh forvh wr 41
Wkh wudghuv ri W|sh 4/ zlwk lqlwldo dvvhwv ri +d> 3> p,> pd| uhjdug wkhlu sxufkdvlqj
srzhu dv ehlqj +d> 3> p .  sat,1 Dvvxplqj wkh xvxdo xwlolw| ixqfwlrq ri *+{> |, @
s
5 {|/ wkhlu rswlpl}dwlrq sureohp ehfrphv
v
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Ohw  dqg  eh wkh Odjudqjldq pxowlsolhuv iru frqvwudlqwv +, dqg +, uhvshfwlyho|1
Wkh uvw rughu frqglwlrqv zuw e/ t/ g/  dqg  +uhvshfwlyho|, |lhog
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Wkh erxqg rq wkh fuhglw olqh lv vhw e| wkh lqirupdwlrq ri wkh dprxqw @ +li wkhuh lv wuxwkixo
glvforvxuh @ ' @, dydlodeoh iru vdoh/ exw wkh dfwxdo fuhglw olqh uhdol}hg zrxog eh edvhg rq uhdol}hg
vdohv wkxv zloo eh w R^
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dqg edodqfh frqglwlrqv duh s @ e@t dqg s @ e@
t dqg 4 .  @ +g . g,@j1
D vlpsoh fdvh Vxssrvh wkdw sa @ s dqg  @ 4= ^ fdq eh dq| srvlwlyh ydoxh1`
Lw lv fohdu wkdw vlqfh sa @ s/ zh kdyh sat @ st @ e @ e +iurp v|pphwu|,1 Khqfh wkh
 pxvw krog orrvho|/ l1h1/  @ 
 @ 31
frqglwlrqv +, dqg +,
Vlqfh e @ sat wkh frqvwudlqw +, lv p  g@+4 . ,  31 Exw wkhq lw lv fohdu wkdw
wkhuh lv qr qhhg iru eruurzlqj/ l1h1/ g @ 3 @ g +dq| vroxwlrq zlwk g ru g A 3 fdq eh
lpsuryhg xsrq e| orzhulqj g ru g wr }hur,1 Lq zrugv/ wkh dprxqw ri rxwvlgh prqh|
fdoohg iru lv }hur1 Exw wklv wkhq lpsolhv wkdw +, +dqg +
,, krogv orrvho|1 Khqfh
 @ 3 @ 1
 @  @  @ 3/ htxdwlrq 97 jlyhv @+4 . , @ 3 ,  @ 31
Qh{w/ vlqfh  @ 
Khqfh wkh edqn fdqqrw pdnh d surw/ qr pdwwhu zkdw lw grhv1
Wkh qdo ydoxhv iru wklv fdvh duh= e @ e @ d@5/ s @ s @ 4@/ t @ t @ d@5/
 @  @  @ 3/ g @ g @ 31
Wkh Xwrsldq dqg jhqhudo htxloleulxp zruog grhv qrw qhhg rxwvlgh prqh| dv lw
kdv wrwdo wuxvw dqg dffxudwh iruhfdvwlqj wkxv lw uxqv rq shuihfw lqglylgxdo fuhglw163
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Frqfoxglqj Uhpdunv
Lq Jrg zh wuxvw$
Doo rwkhuv sd| fdvk1
Rog Dphulfdq iron vd|lqj
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Lq d zruog zlwkrxw rxwvlgh prqh| wkhuh duh sureohpv lq {lqj wkh sulfh ohyho zklfk duh glvfxvvhg
hovhzkhuh +vhh ^74`/ ^73`/ ^6:`,1
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Rxwvlgh prqh| lv iuhh wuxvw dqg lv d +frqwh{w ghshqghqw , fuhglw lqirupdwlrq
hydoxdwlrq vxevwlwxwh1
Jlyhq wkh lqlwldo rzqhuvkls fodlpv/ wkh vhoo0doo prgho ri h{fkdqjh zkhuh doo lqgl0
ylgxdov duh uhtxluhg wr vhqg doo dvvhwv wr pdunhw/ pdlqwdlqlqj rqo| wkhlu rzqhuvkls
fodlpv/ dqg fdvk sodfhv d qdwxudo xsshu erxqg rq wkh qhhg iru wuxvw dqg hydoxdwlrq1
Wkh ex|0vhoo prgho ^46` uh hfwv wkh dffhswdqfh ri lpphgldwh lqglylgxdo frqwuro ryhu
wkh hvwdeolvkhg lqglylgxdo surshuw| uljkwv khqfh lv qrw dv vwudwhjlfdoo| olplwlqj dv wkh
vhoo0doo prgho dqg pruh forvho| surylghv wkh frqwh{w iru wkh vwxg| ri dq lqglylgxdo
rzqhuvkls frpshwlwlyh sulfh hfrqrp|1
Shuihfw wuxvw fdq eh dfklhyhg lq d Xwrsldq zruog zlwk frpsohwho| dffxudwh sulfh
dqg wudgh yroxph dvvhvvphqwv ohdglqj wr wkh h{whqvlrq ri shuihfw fohdulqjkrxvh fuhglwv
wr doo djhqwv1
Wkh plqlpdo ohyho ri wuxvw lv zkhuh/ lq d vhoo0doo hfrqrp| wkhuh lv qr fuhglw zkdwvr0
hyhu dqg wkh wudqvirupdwlrq ri rzqhuvkls exqgohv lv dfklhyhg yld d plqlpdo qdqfldo
vwuxfwxuh/ wkh vlqjoh vlpxowdqhrxv pryh sulfh0irupdwlrq pdunhw1 Doo wudghv uhtxluh
fdvk1 Wklv dprxqwv wr wkh frpsohwh prqhwl}dwlrq ri doo zhdowk zklfk htxdov wkh
yroxph ri wudqvdfwlrqv lq wklv h{wuhph lqvwdqfh1
Wkh ex|0vhoo prgho ri Gxeh| dqg Vkxeln ^46` lv/ lq hvvhqfh/ qrw wrwdoo| lqvwlwxwlrq0
iuhh exw uhtxluhv d vlqjoh phfkdqlvp/ d plqlpdo pdunhw vwuxfwxuh/ wr pds vlqjoh
vlpxowdqhrxv pryh vwudwhjlhv lqwr wudghv1 Wklv fuhglw iuhh rshudwlrq uhtxluhv wkh
lpsolflw qdqflqj ri wkh glhuhqfh ehwzhhq wkh lqlwldo uhvrxufh glvwulexwlrq dqg wkh
qdo1
Ghshqglqj rq wkh lqlwldo frqglwlrqv wkh uhtxluhg dprxqw ri wuxvw ydulhv iurp }hur
wr wkh ydoxh ri doo dvvhwv1 Dq lpsxwdwlrq ri zhdowk rq wkh Sduhwr rswlpdo vxuidfh lv
d srlqw dw zklfk doo lqglylgxdo jdlqv kdyh ehhq dfklhyhg1 Qr wudgh lv uhtxluhg dqg
wkh qhhg iru wuxvw lv }hur1 Li wkh lqlwldo srlqw lv qrw rq wkh Sduhwr vxuidfh wudgh pd|
eh ghvluhg dqg wkh qhhg iru wuxvw zloo eh d ixqfwlrq ri wkh srwhqwldo jdlqv iurp wudgh
dqg wkh qdwxuh ri wkh wudglqj surfhvv/ Wklv fdoov iru dq dssursuldwh phdvxuhphqw ri
wkh srwhqwldo jdlqv iurp wudgh dqg d vshflf ghvfulswlrq ri wkh wudglqj surfhvv
Wkhuh kdyh ehhq wkuhh vxjjhvwhg phdvxuhv ri wkh jdlqv iurp wudgh ^9`/ ^<`/ ^6<`/64
dqg wkh wzr vlpsohvw ixoo| ghqhg wudglqj phfkdqlvpv wr zklfk wkh| fdq eh dssolhg
dsshdu wr eh wkh vhoo0doo ru ex|0vhoo vwudwhjlf pdunhw jdphv1
Wkh rqh shulrg lqwhuhvw udwh  lv qrwklqj pruh wkdq d wd{ lpsrvdeoh gxh wr odfn
ri wuxvw1 Dv wkh sdudphwhu  $ 4>wkh wd{ jrhv wr }hur dqg wkh srzhu ri  dv d frqwuro
yduldeoh xwlol}hg e| d odujh prqlhg djhqw lv orvw1
Wudglqj hfrqrplhv/ wr dyrlg wkh qhhg iru lqglylgxdo wuxvw/ fdq xvh hlwkhu d vwrudeoh
frqvxpdeoh jrrg ru d gxudeoh dv d phdqv ri h{fkdqjh1 Li wkh frpprglw| zhuh wr
hqwhu wkh lqglylgxdo xwlolw| ixqfwlrqv dv d olqhduo| vhsdudeoh whup lw zrxog lpphgldwho|
vxsso| dq hdv| phdvxuh iru wkh ydoxh ri wudgh1 Xqiruwxqdwho| wklv grhv qrw dsshdu
wr eh wkh fdvh1 Hyhq li lw zhuh/ wkhuh duh vwloo pdq| sk|vlfdo gudzedfnv wr xwlol}lqj
hlwkhu vwrudeoh frqvxpdeoh ru gxudeohv dv d prqh|1 Wkh vwrudeoh frqvxpdeoh kdv wkh
dgydqwdjh wkdw lw dozd|v dyrlgv wkh Kdkq sdudgr{/ exw wklv lv qrw qhfhvvdulo| wuxh
iru d gxudeoh/ hyhq lq d rqh shulrg hfrqrp|1
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Wkh| doo udlvh sureohpv frqfhuqlqj wkh uhodwlrqvkls ehwzhhq orfdo dqg joredo phdvxuhv1
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Dv kdv ehhq dujxhg deryh/ li wudqvdfwlrqv wdnh wlph d vrflhwdo uhvrxufh orvv fdq
eh lqfxuuhg e| xwlol}lqj d frpprglw| prqh|1 D zd| wr dyrlg wklv orvv lv wr uhsodfh d
uhdo frpprglw| zlwk d vrflhwdoo| frqvwuxfwhg v|perolf frpprglw|1 Exw grlqj wklv/
wklv uhtxluhv dv d qhfhvvdu| frqglwlrq wkdw lw eh dffhswdeoh e| d ex|hu lq h{fkdqjh1
Dv lv qrwhg lq Vhfwlrq 715 wkhuh duh pdq| glhuhqw lqvwlwxwlrqdoo| phdqlqjixo plqlpdo
zd|v wr surylgh d vx!flhqw zd| rxw ri wkh Kdkq sdudgr{1
Rqh ri wkh qdwxudo zd|v rxw ri wkh Kdkq sdudgr{ lv wkh srvlwlyh ydoxdwlrq jlyhq
e| h{shfwdwlrqv frqfhuqlqj wkh ixwxuh ydoxh ri gxudeoh fdslwdo dvvhwv lq wkh hfrqrp|1
Wkh vwruh ri ydoxh ixqfwlrq ri d prqh| zlwklq d vlqjoh shulrg fdq eh rewdlqhg
yld d prqrsrolvwlf edqnhu zkr sxusrvho| uhvwulfwv wkh dprxqw ri prqh| kh lvvxhv
wr pdnh vxuh wkdw wkhuh lv qrw vx!flhqw rxwvlgh prqh| wr dyhuw doo fdvk rz frq0
vwudlqwv1 Fxvwrp/ odz dqg prghuq vrflhw| frqvsluh wr olplw wkh srzhu ri wkh lqglylgxdo
phufkdqw0edqnhu0nlqj/ wkxv/ dowkrxjk ihdvleoh/ lw lv xvxdoo| qrw lqglylgxdo prqrsr0
olvwlf srzhu wkdw surylghv wkh vxssruw ri wkh ydoxh ri wkh fxuuhqf|1 Wkh jrdo ri wkh
phufkdqw edqnhu lv wr h{wudfw uhvrxufhv iru khuvhoi dqg wklv surylghv d phdvxuh ri wkh
zruwk ri wuxvw/ wudqvodwhg pdwkhpdwlfdoo| lqwr wkh uhohydqfh ri wkh wljkwqhvv ri wkh
fdvk rz frqvwudlqwv jlyhq wkh wudqvdfwlrqv vwuxfwxuh ri wkh hfrqrp|1
Dq dowhuqdwlyh wr wkh prqrsrolvwlf edqnhu lv wr lqwurgxfh d fhqwudo edqn zkrvh
uroh lv wr surprwh h!flhqw wudgh1 Wkh fhqwudo edqn fdq dyrlg wkh zdvwh ri qdwxudo
uhvrxufhv e| fkrrvlqj d v|perolf udwkhu wkdq d frpprglw| prqh|1 Exw wkh fkrlfh ri
wkh v|perolf prqh| dv rssrvhg wr/ vd| jrog/ srvhv wkh txhvwlrq ri wuxvw lq wkh fhqwudo
jryhuqphqw dqg lq wkh h{shfwdwlrqv ri lwv shuirupdqfh1
Rqh ri wkh ihz uhdvrqhg srolwlfdo hfrqrp| ghihqvhv ri wkh xvh ri jrog zdv surylghg
e| Ulfdugr +^5:`/ s1 57, H{shulhqfh 111 vkrzv wkdw qhlwkhu d vwdwh qru d edqn hyhu
kdyh kdg wkh xquhvwulfwhg srzhu ri lvvxlqj sdshu zlwkrxw dexvlqj wkdw srzhu> lq doo
vwdwhv wkhuhiruh/ wkh lvvxh ri sdshu prqh| rxjkw wr eh xqghu vrph fkhfn dqg frqwuro>
dqg qrqh vhhpv vr surshu iru wkdw sxusrvh dv wkdw ri vxemhfwlqj wkh lvvxhuv ri sdshu
prqh| wr wkh reoljdwlrq ri sd|lqj wkhlu qrwhv hlwkhu lq jrog frlq ru exoolrq1
Wlph/ srsxodwlrq/ vrflhw| dqg whfkqrorj| kdyh fkdqjhg vlqfh Ulfdugr/ exw wkh
hvvhqfh ri wkh prqhwdu| sureohp uhpdlqv1 Wkh qhhg iru lqglylgxdo wuxvw ru iru vxe0
vwlwxwhv iru wuxvw lv fhqwudo1 Wkh wuxvw dqg wkh vxevwlwxwhv iru wuxvw duh jhqhudwhg lq
wkh frqwh{w ri wkh srolw| dqg vrflhw| dv d zkroh/ qrw mxvw wkh hfrqrp|1 Wkh phdvxuh0
phqw ri wkh hfrqrplf ydoxh ri wuxvw lq h{fkdqjh uhtxluhv d pdwkhpdwlfdo lqvwlwxwlrqdo
hfrqrplfv zklfk uh hfwv wkh lqvwlwxwlrqdo ulfkqhvv ri wkh vrflhw| dqg lwv wudqvdfwlrqv
vwuxfwxuh/ |hw lv dphqdeoh wr d irupdo txdqwlwdwlyh dqdo|vlv dv lv uh hfwhg lq wkh
vwuxfwxuh ri wkh frqvwudlqwv rq wkh hfrqrplf rswlpl}dwlrq165
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Wkh pdwkhpdwlfv ri wkh jhqhudo htxloleulxp v|vwhp pd| eh orrnhg dw dv wkdw ri rswlpl}dwlrq
vxemhfw wr htxdolwlhv1 Prqhwdu| frqwuro dqg qdqfh duh pruh frqjhqldoo| frqvlghuhg lq whupv ri
rswlpl}dwlrq vxemhfw wr vhyhudo frqvwudlqwv zkhuh wkh suhvvxuhv rq wkh frqvwudlqwv uh hfw wkh srwhqwldo
ydoxh ri wuxvw dqg wkh rssruwxqlw| iru frqwuro1 Ixuwkhu lqyhvwljdwlrq ri wuxvw fdoov iru qhwzrun dqdo|vlv
+vhh Vkxeln/ 5336 ^69`,1
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Iru wkh frpsxwdwlrqv zh +vrphzkdw vorsslo|, gr qrw fdoo h{solflw dwwhqwlrq wr wkh lpsruwdqw
glvwlqfwlrq ehwzhhq wkh dvvhw dqg lwv vhuylfh1
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Wudgh zlwk Qr Edqn exw zlwk d Vdoydjh Ydoxh

Rxu uvw prgho kdv wudgh zkhuh ohiw ryhu dw kdv d vdoydjh ydoxh1
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^9` Gheuhx/ J1/ 4<841 Wkh Frh!flhqw ri Uhvrxufh Xwlol}dwlrq/ Hfrqrphwulfd/ 4<1
^:` Gheuhx/ J1/ 4<8<1 Wkhru| ri ydoxh1 Qhz \run= Zloh|/ 4<8<1
^;` Gxeh|/ S1 dqg M1 Jhdqdnrsorv/ 4<<51 Wkh Ydoxh ri Prqh| lq d Ilqlwh0Krul}rq
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^<` Gxeh|/ S1/ dqg M1 Jhdqdnrsorv/ 53361 Lqvlgh dqg Rxwvlgh Ildw Prqh|/ Jdlqv wr
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Pdwkhpdwlfdo Hfrqrplfv/ 49= 43846:1
^44` Gxeh|/ S1/ M1 Jhdqdnrsorv dqg P1 Vkxeln/ 4<;;/ Edqnuxswf| dqg H!flhqf|
lq d Jhqhudo Htxloleulxp Prgho zlwk Lqfrpsohwh Pdunhwv/Frzohv Irxqgdwlrq
Glvfxvvlrq Sdshu Qr1 ;:<1
^45` Gxeh|/ S1/ V1 Vdkl dqg P1 Vkxeln1 4<<61 D Uhshdwhg Wudgh dqg wkh Yhorflw| ri
Prqh|/ Mrxuqdo ri Pdwkhpdwlfdo Hfrqrplfv/ 55+5,= 45846:1
^46` Gxeh|/ S1/ dqg P1 Vkxeln/ 4<:;1 Wkh Qrqfrrshudwlyh Htxloleuld ri d Forvhg
Wudglqj Hfrqrp| zlwk Pdunhw Vxsso| dqg Elgglqj Vwudwhjlhv/ Mrxuqdo ri Hfr0
qrplf Wkhru|/ 4:+4,= 4531
^47` Iroh|/ G1/ 4<:31 Hfrqrplf Htxloleulxp zlwk Frvwo| Pdunhwlqj/ Mrxuqdo ri
Hfrqrplf Wkhru|/ 5= 5:95<41
^48` Iulhgpdq/ P1/ 4<9<1 Wkh Rswlpxp Txdqwlw| ri Prqh| dqg Rwkhu Hvvd|v1
Fklfdjr= Doglqh1
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^49` Judqgprqw/ M1P1/ 4<;51 Whpsrudu| Jhqhudo Htxloleulxp1 Lq Kdqgerrn ri
Pdwkhpdwlfdo Hfrqrplfv/ Yro1 LL/ Fkdswhu 4<1 Dpvwhugdp= Qruwk Kroodqg1
^4:` Judqgprqw/ M1P1/ dqg \1 \rxqhv/ 4<:51 Rq wkh Uroh ri Prqh| dqg wkh H{lv0
whqfh ri d Prqhwdu| Htxloleulxp/ Uhylhz ri Hfrqrplf Vwxglhv/ 6<= 6886:51
^4;` Jxuoh|/ M1J1/ dqg H1V1 Vkdz/ 4<931 Prqh| lq d Wkhru| ri Ilqdqfh1 Zdvklqjwrq/
GF= Eurrnlqjv1
^4<` Kdkq/ I1K1/ 4<981 Rq Vrph Sureohpv ri Surylqj wkh H{lvwhqfh ri dq Htxl0
oleulxp lq d Prqhwdu| Hfrqrp|1 Lq I1K1 Kdkq dqg I1 Euhfkolqj +hgv1,/ Wkh
Wkhru| ri Lqwhuhvw Udwhv1 Qhz \run= PdfPloodq1
^53` Kdkq/ I1K1/ 4<:41 Htxloleulxp zlwk Wudqvdfwlrq Frvw/ Hfrqrphwulfd/ 6<= 74:
76<1
^54` Mhyrqv/ Z1V1/ 4;:81 Prqh| dqg wkh Phfkdqlvp ri H{fkdqjh1 Orqgrq= PdfPlo0
odq1
^55` Ndudw}dv/\1/ P1 Vkxeln dqg Z1 Vxgghuwk/ 4<<71 Frqvwuxfwlrq ri Vwdwlrqdu|
Pdunry Htxloleuld lq d Vwudwhjlf Pdunhw Jdph/ MPRU 4<+7,= <:843391
^56` Nxu} P1/ 4<:71 Htxloleulxp zlwk Wudqvdfwlrq Frvw dqg Prqh| lq d Vlqjoh
Pdunhw H{fkdqjh Hfrqrp|/ Mrxuqdo ri Hfrqrplf Wkhru|/ :+7,= 74;107851
^57` Oxfdv/ U1H1/ 4<;31 Htxloleulxp lq d Sxuh Fxuuhqf| Hfrqrp|/ Hfrqrplf Hq0
txlu|/ 4;= 5365531
^58` Pdjloo/ P1/ dqg P1 Txlq}ll/ 4<<51 Uhdo Hhfwv ri Prqh| lq Jhqhudo Htxlole0
ulxp/ Mrxuqdo ri Pdwkhpdwlfdo Hfrqrplfv/ 6356751
^59` Prgljoldql/ I1/ 4<771 Oltxlglw|/ Suhihuhqfh dqg wkh Wkhru| ri Lqwhuhvw dqg
Prqh|/ Hfrqrphwulfd/ 45= 78;;1 Rvwur|/ M1P1/ dqg U1P1 Vwduu/ 4<:71 Prqh|
dqg wkh Ghfhqwudol}dwlrq ri H{fkdqjh/ Hfrqrphwulfd/ 75/ 43<643<31
^5:` Ulfdugr/ G1 ^4;54` 4<981 Wkh Sulqflsohv ri Srolwlfdo Hfrqrp| dqg Wd{dwlrq1 6ug
hg1 Uhsulqw/ Orqgrq= M1P1 Ghqw1
^5;` Vdpxhovrq/ S1D1/ 4<8;1 Dq H{dfw Frqvxpswlrq0ordq Prgho ri Lqwhuhvw zlwk ru
zlwkrxw wkh Vrfldo Frqwulydqfh ri Prqh|/ Mrxuqdo ri Srolwlfdo Hfrqrp|/ 99=
79:7;31
^5<` Vkxeln/ P1/ 4<8<1 Vwudwhj| dqg Pdunhw Vwuxfwxuh1 Qhz \run= Zloh|1
^63` Vkxeln/ P1/ 4<:31 D Wkhru| ri Prqh| dqg Edqnlqj lq d Jhqhudo Htxloleulxp
V|vwhp/ Lqvwlwxwh iru Dgydqfhg Vwxg|/ Ylhqqd UP 7;/ Mxo| 4<:31
^64` Vkxeln/ P1/ 4<:51 D Wkhru| ri Prqh| dqg Ilqdqfldo Lqvwlwxwlrqv= Ildw Prqh|
dqg Qrqfrrshudwlyh Htxloleulxp lq d Forvhg Hfrqrp|/ Lqwhuqdwlrqdo Mrxuqdo
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^65` Vkxeln/ P1/ 4<:91 D Qrqfrrshudwlyh Prgho ri d Forvhg Wudglqj Hfrqrp| zlwk
Pdq| Wudghuv dqg Wzr Edqnhuv/ ]hlwvfkuliw ixu Qdwlrqdornrqrplhp/ 69+7,1
^66` Vkxeln/ P1/ 4<;31 Wkh Fdslwdo Vwrfn Prglhg Frpshwlwlyh Htxloleulxp1 Lq M1K1
Ndudnhq dqg Q1 Zdoodfh +hgv1,/ Prghov ri Prqhwdu| Hfrqrplhv1 Plqqhdsrolv=
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^6:` Vkxeln/ P1/dqg G1H1 Vplwk1 53351 Vwuxfwxuh/ Fohdulqjkrxvh dqg V|pphwu|/
Vdqwd Ih Lqvwlwxwh Zrunlqj Sdshu 5336038681
^6;` Vkxeln/ P1/ dqg F1 Zlovrq/ 4<::1 Wkh Rswlpdo Edqnuxswf| Uxoh lq d Wudglqj
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^74` Vrulq/ V1/ 4<<91 Vwudwhjlf Pdunhw Jdphv zlwk H{fkdqjh Udwhv/ Mrxuqdo ri
Hfrqrplf Wkhru|/ 9<= 7647791
^75` Wrelq/ M1/ 4<;51 Prqh| dqg Ilqdqfh lq wkh Pdfurhfrqrplf Surfhvv/ Mrxuqdo
ri Prqh|/ Fuhglw dqg Edqnlqj/ 471
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